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To  Field  Marshal,  His  Royal  Highness  Prince  Arthur  William  Patrick  Albert 
Duke  of  Connaughl  and  of  Sirathearn,  K.G.,  K.T.,  K.P.,  etc.,  etc  etc  ' 
Governor  General  and  Commander  in  Chief  of  the  Dominion  of  Canada. 

May  it  pleask  Your  Royal  Highness: 

The  undersigned  has  the  honour  to  lay  before  Your  Royal  Highness  a  renort 
on  the  W  mn.peg  River  Power  and  Storage  Investigations.  ^ 

Respectfully  submitted, 

W.  J.  ROCHE, 

OiTANVA.  July  20.  1915.  ''^^'""'"'  "^  ""  ^""'^"'■ 
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Defartment  of  the  Interior, 

Ottawa,  July  20,  1915. 

The  Honourable  VV.  J.  Roche, 

Minister  of  the  Interior. 

Sir,— I  have  the  honour  to  submit  a  report  on  the  Winnipeg  River  Power 
and  Storage  Investigations,  and  to  recommend  that  it  be  published  as  Water 
Resources  Paper  No.  3  of  the  Dominion  Water  Power  Branch. 

I  have  the  honour  to  be,  sir. 

Your  obedient  servant, 
W.  VV.  CORY, 

Deputy  Minister  of  the  Interior. 


Winnipeg  River  Power  and  Storaiie  Investigations. 
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OllAWA,  July  17,  1915. 

vv.  \v.  CoRv,  Ksf..,  r.Mx;., 

Doputy  Minister  of  the  Interior, 
Ottawa,  Canada. 

SiK,  -The  people  of  the  ,,rovince  <,f  Manitoba  have  a  ki-en  interest  in  the 
nniwrtant  economic  problems  now  l.roUKht  so  forril.lv  to  the  attention  of  the 
C  anadian  people  as  a  result  of  "the  conserv  ation  movement .  "  Th.a  interest  is 
part.cularly  manifeste.l  at  this  time  l.era.,se  prohahlv  no  province  in  the 
Domtm.m  .sen.iowe.i  with  con.litions  so  favourable  an.l  opportunities  so  promis- 
iMK  for  the  early  accomplishment  of  material  jiroRress  from  pra.ti.al  an.l  sane 
conservation  of  one  of  its  most  valuable  natural  res<.urres. 

Water  is  practically  the  onh  natural  resource  within  ih.^  province  for  the 
<levelopment  of  power,  that  great  an.l  fundamental  requisite  for  the  pn,speritv 
.m<l  comfort  of  a  civiliml  community.  This  condition  is  compensate.!  for  bv 
the  tact  that  in  a.l.Iition  to  the  cxistenix-  of  an  abun.lance  of  water,  the  Reneral 
top.,graphy  an.l  the  forest  cover  .,f  a  large  porti..n  .,f  the  prov  ince  is  naturallv 
favourable  for  the  establishment  .,f  hy.lraulic  power  .levelopments,  ar.<l  also  for 
the  construction  of  storage  reservoirs  for  flow  regulati..n. 

Historically  .-..nsider.-.l.  the  utilization  of  our  power  resourcis  has  pass..,! 
through  three  .listinct  ph;.s.-s.  The  first  pertain...!  to  th..  producti.m  ..f  ,,ower 
directly  an.l  from  natural  sounvs  as  u  .er  .m.!  win.!,  and  its  use  v  as  ne.essarih- 
lnnite.1  to  th..ir  lo.-ation.  FCriy  manula.turing  .-.mimunities  were  .•ons...Mientlv 
grou,.e,l  about  easily  available  water  power  sites.  This  phase  might  be  .alle.i 
tlie  water  power  perio.l  in  manufacturing  industries 

The  siH-.)n.l  phase  was  characterized  by  the  gra.lual  .levelopmeni  of  the 
st..an.  .-ngme  winch  ren-l.-r.-d  possible  the  utili/ation  of  fuel  as  a  sour.v  of  power 
an.  at  locations  where  it  was  re.piir...!.  During  this  p..riod  the  <lev..|o,,m.-nt  of 
o.al  mines  an.l  the  rapi.l  extension  of  railw.iy  syst.-ms  imp,,rt.-.l  a  t.vnu.ndous 
stimulus  to  .-ommercial  an.l  industrial  enterprise.  I'roxiniitv  ,,f  water  powers 
was  no  longer  the  controlling  f.ictor.  an.l  industrial  commtmitii.s  were  establish..,! 
wherever  availability  of  raw  material,  labour,  tr.insport.uion  laciliiies,  markets 
an.l  tuel  power  would  allow  . 

The  third  phase  ..f  p.mer  development  in  iliis  countrv  svnchronizes  with 
the  a.han,-.-ment  ,,f  the  art  of  high  v..llage  transmission  whici,  permits  the 
development  .,f  po\\c.r  generated  by  water  or  bv  steam  at  the  most  coiuenient 
an.l  economical  points,  an.!  its  transmissi..n  manv  miles  ,iwav  to  liie  .lesiml 
l<>.-at>on  ol  use,  in  a  form  a.lapte.1  to  a  great  variety  ;...<!  convenience  of  use. 

1  Ins  later  [)hase  ..f  development  a.i.l  use  of  p..wer  lias  called  for  a  re-aiipraise- 
ment  of  all  sources  from  whicli  p.,wer  is  derived.  The  size  of  the  p.nver  jilant 
IS  no  iongi-i  liinued  to  refpiirements  of  an\-  particular  purp.hse  .)r  use,  but  the 
power  for  entire  communities,  and  for  an  infinite  N-ariet%-  of  use.  civil  and  com- 
mercial, can  be  supplied  from  a  single  station  or  power  site  manv  miles  .istant. 
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Kxtfnsion  of  the  field  of  use  (),x-nc(l  l)y  the  jM>rfectioii  of  the  art  of  elertric 
transmission  of  power  from  great  (Hstanees,  has  l)een  niar'/elloi  s.  As  a  result, 
rapid  and  revolutionary  ciiaiiK'es  are  constantly  taking  plare  in  the  use  of  power! 
As  the  circle  of  electrical  application  ci.cumscril)es  new  fields,  the  op()ortunities 
for  power  development  grow  proportionately.  The  tremendous  advance  to 
date  in  the  practicable  application  of  the  use  of  electric  power  in  industry  ami 
the  further  accomplishments  that  are  assured,  have  rendered  the  conservation 
and  utilization  of  our  power  resources,  (more  es[K'cially  our  water  powers),  one 
of  the  most  important  problems  in  Canadian  political  economy. 

The  solution  of  this  problem  invokes  complex  ques(ions  of  law  and  regu- 
lation relating  to  various  uses  of  water  for  domestic  supply,  irrigation,  power, 
logging  and  navigation;  of  adequate  administration  under  such  legislation;  of 
essential  cnginctring  and  economic  investigation  of  water  resources  to  meet  the 
necessities  of  administration,  and  to  determine  the  most  efficient  and  efTcctive 
method  of  power  development,  so  that  the  tiermanent  public  interest  will  be 
best  served;  and  probably  most  difficult  of  all,  determinations  of  economic 
questions  relating  lo  adequate  rentals,  and  reasonable  rates. 

Canadian  water  power  laws  are  in  the  main  qiice  adequate,  encouraging  to 
development,  with  due  regard  to  tiie  public  interest,  present  and  future.  While 
in  some  parts  of  the  Dominion  fonner  conditions  have  been  outgrown,  and  in 
such  parts  the  evolution  of  governmental  machinery  and  laws  with  respect  to 
water  powers  has  not  advanced  as  fast  as  might  be  desired,  it  must  be  remem- 
bered that  there  is  but  a  short  distance  in  time  from  the  50  h.p.  overshot  mill 
wheel  of  small  efficiency,  crude  apparatus,  local  use  and  of  little  general  import- 
ance to  the  community  at  large,  to  the  20,000  h.p.  turl)ine  of  over  90';<'>  efficiency 
and  200  mile  transmission  radius  of  to-day,  of  =".ch  widespread  importance  owing 
to  the  present  universality  of  the  electrical  industry  and  the  consctiuent  infinite 
ramifications  of  power  use  in  respect  of  the  body  politic. 

So  far  as  the  prairie  provinces  of  Manitoba.  Saskatchewan  and  Alberta  are 
concerned,  the  problems  above  referred  to  have  been  given  fairly  adequate 
consideration  and  the  regulations,  administration  and  investigations  which  have 
been  evolved  by  the  Department  of  the  Interior  in  the  short  space  of  seven  or 
eight  years,  have  marked  a  creditable  achievement  The  existing  water  power 
regulations  (see  appendix  IV)  are  admittedly,  in  some  respects,  imperfect.  At 
the  same  time  the  imperfections  and  undesirable  features  are  thoroughly  well 
realized,  and  it  is  only  a  matter  of  time  and  opportunity  when  thev  will  be 
corrected.  The  regulations  now  in  force  afford  every  reasonable  protection  to 
the  public  in  the  way  of  limited  grants,  rentals  and  control  of  rates,  both  subject 
to  periodic  revision,  continuous  and  beneficial  use  of  the  power  privileges,  and 
at  tf-e  same  time  provide  sufficiently  attractive  opportunities  for  investment  to 
actively  interest  the  capitalist.  The  departmental  administration,  is  as  progres- 
sive as  the  regulations  and  the  Parliamentary  appropriations  will  permit. 

The  two  most  important  water  power  situations  within  the  three  prairie 
provinces,  that  on  the  Winnipeg  river  in  Manitoba,  and  that  on  the  Bow  river 
in  Alberta,  important  on  account  of  their  strategic  location  close  to  important 
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existing  commercial  centres,  and  on  account  of  the  great  and  urgont  demand 
for  [K)wer  within  these  centres,  and  also  important  on  account  of  the  complicated 
p.<>l)lem8  involved  in  realizing  the  best  use  of  the  potential  power  possihilities  in 
a  manner  consistent  with  the  interests  of  -rriRation,  navigation  and  water 
supply:  have  been  exhaustively  covered  by  extensive  engineering  and  economic 
investigations  in  the  field,  and  by  thorough  study  in  the  office. 

The  power  and  storage  investigations  of  the  Bow  river  were  nmipteted 
over  a  year  .»k  ■  and  published  in  the  form  of  a  rei«)rt  as  Water  Resoiirc<s  ('atxr 
No.  2. 


The  Winnipeg  river  power  situation  in  the  |)rovince  of  Manitoba  witiiiti 
easy  transmission  radius  (about  seventy-five  miles)  of  the  citv  of  Winnipeg,  a 
city  on  the  eastern  threshold  of  the  great  prairie  country,  which  conii)etent  experts 
claim  will  have  a  future  in  i)opulalion,  banking,  omimercial  and  industrial 
ii-iportance  e(|ual  to  that  of  (.hicago,  has  also  been  thoroughly  investigated. 

These  investigations  were  comm.-nced  in  1911  following  a  report  from  the 
undersigned,  then  Hytlraulic  Kngineer  of  the  Department,  to  the  late  Robert 
Kvans  Young,  D.L.S.,  then  Chief  C.eographcr,  and  in  .esponsible  administrative 
charge  of  water  power  matters  in  the  western  provinces.     No  one  in  ilie  Canadian 
service  had  a  ileeper  ajipreciation  for  the  imi«)rtance  of  '.lie  undevelojxtl  natural 
resources  of  the  west,  or  a  more  thorough  realization  of  tiieir  tremendous  imiK)rt 
to  the  future  progress  of  the  prairie  provinces.     With  his  boundless  enthusiasm 
for  all  matters  relating  to  western  Canada  he  determincii  that  this  department 
should,  with  respect  to  water  powers,  ha\o  not  only  an  etlicient  and  effective 
administratiim,    but   shoulil   obtain   by   every   reasonable   means,    a   thorough 
knowledge  of  their  nature,  extent  .nid  value,  especially  those  iH.wers  within 
zones  of  "reasonable  commercial     vailabilit)."     In  order  that  the  Winnipeg 
river  water  j)ower  investigations  might  be  conmienced  under  proper  ausi)ices 
and  on  a  thoroughly  satisfactory  basis,  Mr.  Young,  early  in   1911,  conferred 
with  two  prominent  consulting  enguieers,  eminent  in  hyilro-electric  practice, 
Mr.  John  R.  Freeman  of  IVividence  and  New  York,  anil  Mr.  J.  B.  McRae  of 
Ottawa.    Accompanied  by  Mr.  J.  T.  J<jhnston,  then  .\ssistan;  fhdraulic  ICngiueer 
of  the    department,  and  Mr.  U.  L.  McLea.i,  these  engineers, 'in  the  month  of 
Sesrtember  of  the  same  year,  made  a  reconnaissance  trip  d(.wn  llie  Winiii|)eg 
river  from  Kenora  at  the  outlet  of  the  lake  of  the  Woods  to  lake  Winnipeg. 
After  the  completion  of  this  invest igavion,  these  engineers  submitieil  reports 
which  were  so  emphatic  as  to  tl>e  iioteutial  ijower  possibilities  of  the  river,  and 
so  strong',   recommended  that  a  complete  power  survey  be  C(innnenced  at  once, 
that  arrangements  were  immediately  perfected  for  the  work  to  be  commenc'd 
under  the  iinnv  diate  direction  of  .Mr.  J.  T.  Johnst'ii. 

I'p  to  the  .ime  of  his  resignation  in  Septemb-r,  191,S,  Mr.  McLean  abl\ 
acted  as  chief  en^meer  of  the  field  oi)erations.  Between  Septini!,er  191.?  ar.. 
June  1914  Mr.  S.  b.  Scovil  assumed  complete  charge  of  the  field  work  to  the 
entire  satisfaction  of  the  ne;iartment.  Since  June  19U  .Mr  M.  C".  Hendry  had 
been  responsible  tor  the  continuation  of  the  field  studies.  T.)  t'lese  three  engin- 
eers in  conjunction  with  Mr.  Johnston,  unilcr  whose  direction  from  Ottawa 
the  work  was  carried  on,  great  credit  is  due  for  their  efticlent  and  satisfactory 


"  HflHirlnienl  nf  the  Interior. 

.-..mplction.     Mr.  J..|,„^,       is  wh..llv  rfH,«mMl,U.  Un  tho  ......pn-lu-nHive  ptmer 

sclu-mr  <I.-v.I..,hh|  in  tlu-  rrport  atta.hol  luTrt...  and  t..r  thr  unusually   siitis- 
(a(  torv  pn-Miitalioii  of  ih,-  ro-ultH  of  tin-  invi-MiKations. 

Thfs.-  investiKations  show  that  at  nini-  distinrt  power  sites,  l)y  means  of 
sto.age  easily  an.!  rhoaplv  ac.  ..niplishe.1  at  the  Lake  of  th,  VV.kmIs,  at  Lac  Soul 
an.  otiur  lakes  in  ih,-  province  of  Ontario,  it  in  ,x)ssil,lean(l  eeononnVallv  feasible 
to  develop  over  H,S,(MM)  continuous  24-hour  horse.,M,wer.  all  within  s..venty-tive 
miles  of  (he  city  of  Winnip- -  and  uithin  feasil.le  lransmi,^ion  distance  of  all 
conin.ercial  .  entres  of  the  p  ..^nl  settled  |)ortions  of  the  prov  i     c. 

Of  the  nine  possible  |M.wer  sites  on  the  \\inni|HK  river,  there  are  three 
now  under  .Icv-lopnient,  represenliuK'  a  toi.il  power  cap.icitv  of  2(M),IHI()  24-h.uir 
Imrse- power.  ()„.■  site  is  .-onipiefly  develo,H.|  l,y  the  \Vinni,K.g  lllectric 
Kailway  (  o,n|Mny  on  the  I'in.iwa  channel,  and  produces  .,|,out  2«.(H»()  horse- 
IH.wer.  .Another  site  at  I'oint  du  Bois  f.dls,  deveIo,H.l  l.v  the  citv  of  WinniiH-u 
I)ro.iiices  at  the  prescMit  time  ..l.oul  25,0(10  <-ontinuous  horse-power,  i.ut  is  cap  .1.1 
..1  extensions  to  .i  ni.ixinumi  of  77.(M)()  24-hoiir  horse-power.  I  )exeiopinenl 
the  t  nnl  power  site  at  (.real  or  .1,,  Bonnet  f.iljs.  havinu  a  inaxin.uin  |H,ssil,le 
devclop„u-ni  ol  9,S.t)0()  24-hour  horse-power,  is  ..bout  to  be  .-onuiienced  bv  the 
\\iiini|H>;  River  Power  Comp.iin'. 

There  is.  therefoir.  at  the  proeiil  time  about  .S.S.OttO  continaous  horse  power 
imxiuced,  ami  transmitted  for  use  in  and  around  the  citv  of  \Vin:ii|,eK',  which 
ean,  with  the  two  present  pl.inls,  be  incre.ise.l  to  200.00,    ?4-iiour  iiorse-power. 

The  six  rem.iinint;  power  sites  are  und.r  the  contiol  of  the  Dominion 
(.overmnent,  and  can  lurnish  ..  further  amount  of  24-hour  power  to  a  m.iximum 
extent  of  2I.S.(I00  horse-power. 

In  addiii,,n.  there  are  sever.il  import.iiU  power  sites  on  the  WinnipeR  and 
'•-nKlisIi  nxers  wiihm  th.>  province  of  Ontario,  which  are  within  e.isv  transmission 
•  hstance  ot  Winnipej;. 


I'-xperume  ii.is  .d.tind.mlly  proved  the  .idvis.ibilitv  of  .such  investinati.ms 
as  a  necess.iry  prelimin.iry  to  the  .luthorization  of  all  import.int  power  or  storase 
projects,  and  furthermore,  th.il  pn.per  K<<xernmeiU  supervision  and  control  of 
the  c.mstniclion  and  ni.iinten.mce  of  a!!  developim-nl  ~.  is  th.-  onlv  safe  method 
of  intelliK.iiily  iniiialinK  construction  and  maintainiiiK  ai.  .idwpiate  system  of 
nver  impro\ement  for  power  purposes  thai  will  allow  of  the  most  adsanta(;e..us 
use  of  the  resources  of  a  river  from  both  .,n  enKineeriiiK  and  an  econ.miic  stand- 
point. Sn<h  invest i,i;at ion,  supervision  and  control  by  government  engineers 
of  rcroKui/ed  competence  and  character,  not  onlv  secures  the  scientific  treat- 
ment of  power  rivers  as  a  whole,  but  the  safe  and  economic  execution  of  the 
various  componenl  parts  of  a  comprehensive  system  of  im|)rovement. 

Development  under  the  immedi.ite  direction  of  the  Covernnient  makes 
certain  the  fullest  possible  utilization  (if  the  power  possibilities  of  each  stream 
whereas  development  by  private  enter|)ri.se  almost  invariably  involves  waste 
of  natural  resounv.  Private  <  apita!  i.  mcIJiik  the  greatest  p,",s.il,le  immediate 
return  on  investment  and  naturally  -  its  attention  to  the  most  concen- 

fated  and  easily  deveh.i>ed  po,  ti.m         ,        .tretch  of  a  river.     The  least  precipi- 
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toux  |)<.r»i.,ns  of  thf  riv.T  alnn  .ml  h-hm'  a  roncntrat.il  Mr.t.I.  i.uulvinK  a 
larK.-  unit  outlay  in  .k-volu,,,,,.  ..re  .onM.imntiv  af.t  t..  Ik-  «.■«!...  Ir.l  and 
r>ern.an..ntly  ua,t.-.|  U-.  aiiM-  n.>  ih.r  .-nttrpriM-  is  lik.lv  or  al.lt-  to  iin.h-itake 
It...  s„|,„..|u.nt  .l,v.l..|,„unt.  «  ..  tin-  otlur  han.l  tlio  Coxvrnnu-nf  with  itn 
Kr.M(.r  fK,w,.r  an.l  h<-o|h-  ran  ,,  ,|k.|  tho  onHlrii.tion  of  (lu-  ,„„rc-  .xl.iHivf 
works  n.T,.ssarv  to  .h.v.lo,.  to  tin-  .  ulK-sf  ffasiLU-  ixfnt  so  that  .v.rv  f.K,t-,H,..n.l 
«.f  .lUTK'v  n.prtMiiti.l  l,v  th,-  fall,  ,-  wat.rs  of  th,-  provin.r  ,nav  Ik-  Kiv.„  .n, 
wlun  m-icssary  to  tlir  wrvin-  of  m     i, 

_  "The  ,,rinir  r.-ason  for  tlu-  ,  .,r.  is<.  of  nov.rnin.nt  a.illiorilv  ov.r  the 
fontrol  -f  Mriaiu  How  for  |Mm.r  -Kvilopniont.  is  that  un.l.r  in.KUrn  so,  iai 
ami  vrononiu-  .on.litions,  this  st.-p  is  nm-ssary  to  insure  the  e<|ual  participation 
"I  all  ntucns  in  ihi,  l,,,,,.  „,,lu.-.>l  ..aid,  whi.h  is  ,«,  ntiarlv  th..  h,  ritan..  of 
thi-  wiiolf  p.M|,|( 


ill   ih.'  tasc  oi 
investigations  as  d. 
th.>  (io\('riini.'iu  u>n 
■'^loiani-  and  powe 
sciuiiu-  work.'<l  on;, 
niiiii  wiiich  will  ...> 
connection  with  .-ii^i 
allied  and  nlaliiij;  • 
s.'r\.'d. 

As  a  direct  rt-mlt  of  ih 
iias  [..•en  .il.le  to  .i  =  ,  tliori/..  .11 
at  th.'  saiiif  liiiH'  tn  iiiM'  On 


nn\\»  ii   n..i      die  anticipated  advaiitanfs  of  such 

'^'f''       •'■'\'  II  r.MJi/ed  to  th.'  full.      Not  only  is 

"^'l''       to  <li.      If  d.'Vflupni.'ats  ill  connection  with 

^1"'       '*'"  »'       'Iv  confonn  to  the  coiiipreh.'nsi\e 

■  als.      ivtii).      ,\,\,    to  i-onipel  a  coiirs.' of  d.'N.-lop- 

•  li  !he  ^(n   r.'.st  < ,  f.noniic  consid.raii.ms,  not  oiiK   in 

■IK  pr-I.K   ,1,  Jinnl-       i\.  Kid,  hut  proliKnis  iiidiri-cily 

prist     ■  ,.n.l  ,inti(  .{..ui^l  i.ces.sili.s  of  th.'  market  t.i  be 


'nve--ugat»oiis  liu-  Dcpartm.'ni  of  the  interior 
■on-;r*t  ni"tn-  powt-r  jiroj.'ct  at  C.r.'at  falls,  and 
i'listtjna.  iK>veloj>iTients  of  the  >ity  of  Winnipeg 


am    the  \Vinnip.v    .  .|e<  tn.    k.,j»»,iv   f.mpanv,  conform  t.,  an.l'l.e  .-..n.isi.nt 

With      ihl'     <'/>•<<. .r,, I,        .     •    .  ,  >  .         .  - 


with   ill.'  coDipnh.  -isivc  cih 
this  report.      I  n^hl      jr 

witii  th.'  ultiiii  lali/,; 

to  tlie  policy  ol       ,ii'r  pow. 
( onstiuctivi'  (  oii^'rxatJiH 
has  lu'cn  reali/i'd  to  a  d. .. 
water  power  adininistraii.  n 
.I.li,;  respecliiiij  iho  walei  j,  ■ 
work  out  a  conipnhensi\  i 
tajj.'ous  use  of  llu'  whole  ri\< 


hefksc  worked  out  as  (lescril)e(l  in  detail  in 
iti'st'  thre..  iMi.jecis  are  wholly  consisicnt 
111'  iliiiisixe  sclu'ine  am'  conforin  stri<  tly 
i-"ai!,,ii  under  the  Water  i'owi'r  Keijiilation-. 
with  the  l).'>t  permanent  [)ul)lic  int. 'rest 
'  einialled,  and  not  surpassed  in  present  da\ 
ilepartm.'iit  now  has  at  hand  all  essential 
.jaiioii  on  the  Winnipeg'  ri\i'r  to  .'iLihle  it  10 
line  0/  d' •■elo|)tnent  reali/inn  the  nio^t  ,id\,in- 
I'T  |x>«i-i  id  I  her  purjioses:  to  .nalile  all  ii.'W 
tlev.-lopments  1..  he  commenced  with  a  n  .ninium  of  phvsical  inv.slii;a.ion  ami 
theri'tore  of  delay;  t..  in>ure  llia,  all  .1.  ,pme„ts  will  ht  in  an.l  he  cmpom-nt 
parts  of  the  whole  project.  \,„  only  ha~  luture  a.Iministrati.m  heeii  simplified 
and  (wvcr  <lev,.Io|)ment  to  k.c  p  jiace  with  all  .leman.ls  heen  nia.le  lertain.  hur 
rwsent  and  future  developments  have  heen  properlv  co-relati.l  as  parts  of  a 
comi)reheiisive  sclii'iiie  t.,  re  -li/e  the  hest  possihl..  use  .,f  the  river  lor  power. 

As  these  investigations  conclusively  show,  then'  is  n,,  n!'>re  fortunate  innver 
situati.)n  an  the  continent  than  that  on  the  WinnipcR  river.  Situated  a's  it  is 
within  a  few  miles  of  the  present  city  .,f  Wimiip.'t;  and  at  th.'  ilireshold  of  the 
western  prainc  pro\iiues,  there  can  he  no  douht  ahout  the  gradual  devel.ipnient 


xu 


DfpiUrment  of  the  Intrrio 


of  thfw  varinii*  waH'r  low.-r^  (.>  thi-ir  ni.iMniutii  ixmitiltlu  i.i|..irity  flu-  iii<|j». 
tri.i!  .111.1  i.iiimifriMi  ftitun-  ..f  tlu<  lily  of  WinniiKu  ami  iml.t-.rih,>  proviiui- of 
Manitolia.  io  auMjml  iK-yomI  f)#'ra.lvi-nturi'  and  <|uiit-  inil.'iHn.l.nt  ..I  oiitNulf 
iiour."i'«t  of  |N>wcr-|>riMhi(  iiiK  aKfii-u-!.. 

In  \i.w  of  th.'  Ki-iat  imiH.riaiH.-  of  tlu-  \Viiini|KK  rix.r  |H.w.r  Hi(u.ili..ii  to 
thf  tuturi'  <liv.lo|.iii.nt  of  tlu-  ilty  of  \Vinni|M-K,  tlu-  provin.i-  of  Manit.)l»a,  and 
of  wi-stirn  C.ui.i.l.i.  I  would  ri<.)innu-n.l  that  Mr.  Johnnionn  r.-(M)rt  Ik-  hi-iii  to 
thf  KiMKH  I'rint.-r  for  piihlii  .tlion  a*  No.  .\  of  th.-  M-ri.-,  of  Wali-r  Rt-w.urceu 
faiHTu  of  the  Doniini.Hi  Wat.-r  i'ow.-r  Uraiiih. 

Ki-!*l>»-.t(ull>  .■.uliinitt.-.l, 

J.  H.  CII.M.I.IKS, 
Siififrinlfmlfiil, 
Dominion  Water  Poucr  Branch. 
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July  16,  1015. 
J.  M.  CiiM.i  ii>,  K«((|.,  (".K.. 

SuiHTilllflult'llI, 

Doniiiiion  Waltr  I'.iuir  Uratidi, 
I>e|«irtmfiil  nf  ihc  liitirior, 
Ottawa. 

Sik,  I  lnvc  tlu-  iK.ii.nir  lo  sul.mit  a  r.-iK)rt  on  the  \Vinni;>rK  River  Powt-r 
and  St(,i..Ki-  h.v.'sii>..aii„„s  cvoritin  tlu-  Fici.i  and  Ollkc  Studus  larri.d  on  by 
tlu-  Dn.nnn.m  W.u.r  l'..w,-r  Br.mch,  with  a  vi.-vv  to  .nsurinn  a  full  nu-asuro  of 
ron^vrvaiion  <.f  tlu-  iK.wrr  n-sourct-s  of  the  rivi-r,  and  to  providinu  ..  dc-tinite 
and  iH-rinancnt  b.isis  f„r  tlu-  proper  .ulministration  of  these  rcsourc-s. 

in  suhniittinn  this  rejx.rt  I  wish  to  make  duo  acknowle.lunu-nt  of  the 
cftuu-nt  aiul  hearty  co-ojx-ration  of  the  staff  of  the  .Manitoba  lixdro^'ranhic 
Sur^•ey  under  the  .1  reition  of  .Mr.  I).  [..  Mrl  ean  as  Chief  En^'im-er  during  the 
early  siaKes  of  the  wo.k".  of  Mr.  S.  S.  Srovil  as  .Assistant  Chief  Hnsineer  since 
August,  iy|2,  and  as  acting  chief  from  October.  1913,  to  June.  191 1.  and  of 
Mr.  M.  C.  Hendry  as  Chief  Engineer  since  July,  1914. 

I  h.ive  the  honour  to  be,  sir. 

Your  obedient  servant, 

J.  T.   IOH.\STO.\, 

Cliicf  Hydraulic  Engineer. 


K'  V■:ai*■^?#'    iPj^^'^M  ■.:•'.>£•: 
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CHAITKR  I. 
SIMMARY   OF   INVESTIGATIONS. 

'"  'I'--  ITuNin...  of  M..,n,nl.a,  ri.  hly  n„|.,u,.l  ...  it  i.  ui.h  „...„ral  u,..llh 

f..r  us,.,    .«a.„..«  a  mark,-.,     \aM  ,,lai..s  of  „.,.......||...,  aKti.-  .I„.ra    I  ,   Is    K     ' 

;;;•":;    -""-l-...^   M.i..i,v   ..    Mu   ...y    tra,.s,ni,M.^   .liM.m  V  ,1      M 

"•'-...t...    n..,..nv,  .,,   .a,..r-,..uer.  ,.ros..„t  a  c.,.nhi,.a,io„  rar..|>     o  ,„         , 

I.aL..    \m.,„K,,  ,|„.  „.....,  ,,„„.al  r..s..rvui..  ..(   ,1...  „rovi...v,  .v, viv..'    ,r..  , 

Sa.ka,.  ....an    ..v.t  fn„„   ,1...   ,ar-,lis,a,.l    H.^Uy   .n..u,.,ai..s:    fm„.   ,,,   I.,     , 
--  .1...  r.,n...„  ,...,..  ,1,     K..1  river  .arryin.  „.e  M.rplu,  .at.rs  !.    .:.., 
M..n„„l.a  a,Hl  ..urtl.,.,,,  Daku.a;    uhil.  fru...  ,|,e  .ast  .lo^^s  ,1,.  \Vi,..,i,      '       J 
J^amm.  ...  ......r..  soaio,.  .,f  „.o  provi..c.  of  C..tari„.     Th.  .no;    ^  :^,  ^  ,  i 

.     >.  ..  ...lU..  u-l  a.,.l  .•o,._s,.rvnl  ■„  ,1..  ,r.at  „,,.„ral  1. .'  ...i,,,  r.-.Tvoir  of  lak  ■ 

Uini.iiKK;    tlu-   omlloxv   tli,.rH.-u.,.,  lar^dv  ..,.H|if   .  'r  .,i  lakt 

<liM  harnfs  ,lo\M.  tl...  7()()-fooi  .Iropof  the  Ndson  r 
falls   .  alaracts.  ai.,1  ra|.i<ls,  t.nally  t...ii.,i„^,  i„t„  I,  „ 

Hi-tori.  tl...  .ra  of  tlu-  railroiul,  this  ureal  syste   •  . 

natural    roui,.  of   i.a.U-   an.l   .■om„„.r,,.    throuKhout   f- 

U.un.p...   R..I.  a,..|  Sa^atrhevvau  riv..,s  were  ,l.e  „,ai,.  artorie,  of  ,ra„i..     ,.,.1 

■M.     .    par,,  ol     lu.   has.,..      |..v..„   ,o-.|ay   ,1,...  ^va,..r^.a^,   have   .,o,    .....Jnlv 
I..M   tl.        forn.er  IukI.  repute  as  ave,.ues  of  trans|H,r,,  uhile  pros-vctive      .Vi 
Kat.o,.  .,.,prove„.e..,s  ...av  re..ew  to  a  lar..-  extent  Ihei;  <.|,|  pre- e.ni, u'n" 

,.  the  prov.n.e  of  Ma,.i,ol.a,  a...l  followh.K  the  o.ustrue.io..  of  ,|,;.  ,„„i,. 

ap..|  ,     .„  ,„,p.,la,.o„,  wealth,  a,..l  i,.,Iustry;    and  engineers,  ever  i,.  sear.!  ., 
...^.i.tht.e,  ol  ,.s„„  the  tones  of  nature  to  supply  the  nee.ls  of  ,„a.,    l^ul 
to  uxj.lore  the  pr.v.n.e  for  s..ur.es  of  .H.wer  to  s,m„.I,    ..  '^ 

ruuYcl  early  a.ns.ileratK.n.     Hydro-ele-lnV  pra.-tiee  ,„,  Io,.j;..r  ,o,,ti,i  .1   ,h 
use  of  ,.nver  ge,.era,e.l  fro,,,  .ater  to  the  a-:,ual  ,..wer  siU^'    ,    "     K   ,n  ! 

spsr;^^ -;;-;- -::^--  ...^  w.;..-;; 

..,:;::rp;:;::;:r;:?!,::i"ri.:::;;;^;:'zr-^;"u';i;i-: 
T,;;;;; """  ''■'"" """■" "■''"•  •'"""' ■- ^" •"-"■-v.'h tzz 


•laiurally  regulated, 
•ricsof  mau.iit".n...i 

■    .\a\s  for...,i|  the 
.11.      The    \,|>oii. 


Departmenl  of  llir  fiiterior. 


in   1S'>,S  II  ill- 

piiWlT.         1  !'■ 

ill, II  tinif,  ;  .'> 

ri\cr.     Ill  tli«' 


;iMc  l.iko.     Tlic  l.alaiui-  of  llic  basin  is  f.iiiiy  will  fori-sti-d,  the-  iia-ciiMtatioii  is 
regular  anil  will  ilistributid,  anil   tin-  niii-ot'f  is,  in  consiMiui-nce,  riMuarkahly 
uiiifomi  from  sia-oii   to  season,   llit-  inaxinuiin  high  wali-r  in  a  normal   yiar 
sildom  I'Mfeiliiig  four  tiniis  ihi"  minimum  How.     Owing  to  its  strategic  ioi-ation 
close  to  the  .■it\  of  Winnipeg,  on  the  thresliohl  of  the  western  prairies,  it  so(m 
iKiame  the  Mecca  of  hydraulic  and  civil  engineers  seeking  out  suil.iMe  power 
sit.-,  for  {!e^  ■'.,]    '^  ■■■   in  the  interests  of  ihe  v.irious  municipal  and  commerci.il 
centre-.        i   .  Jaiiie    (      K  "iiedy,  fonsulting  Hydraulic  Engineer  of  Montreal, 
ihe    I'w  t   ((  '.iprehensive  reconnaissance  survey  of  this  river  for 
,  -nil-  of  t!   s  surM'y  are  imi(iue  and  interesling  as  they,  even  .it 
'    'i:  <  i't  t'le  promising  >md  uiieiiu.illed  ]«>wer  possibilities  of  this 
ye.ir   I'Xi/,    Mr.  \V.    Thibaude.ui,   Civ,   m.ide,  on   iiehalf  of  the 
dep,ntiiieiit.  a  reconn.iiss.iiice  inveslig.ition  of  the  Winniiieg  River  powers,  and 
submitted  .m  iiiten'sliiig  and  valuable  report  on  the  river's  resources.      Many 
olhcr  inve-lig,ilii>ns  were   made  by  vari<ms  hydraulic  and   civil  engineers  in 
coiiiu-ction  wilh  siuci.il  or  jiarticular  jiower  sites.     Following  these  investiga- 
ti.m-,  two  ilc\eloi>ments  on  the  Winnipeg  ri\  er  were  underlaken,  the  lirst  being 
th.ii  'of  the  Winnipeg  IClectric  Railw.iy  Company  on  the  I'in.iw.i  channel,  the 
pioneer  power  project  of  the  west.     This  company  has,  since   l<;iK),  fiirnisiied 
the  power  nece-sarv  for  the  operation  of  the  street  car  system  .md  many  other 
indn-lries  in    the  (ilv  of  Wiimi|H-g.     In   the  year   I'^ll,   the  city  of   Winnipeg 
.nnhorities.  largely  on  the  initi.itive  of  ControlUr  j.  W.  Cockbuni.  of  the  City 
Coiiiuil.  who  has  ever  since  been  one  of  the  pioneer  movers  in  the  power  silualiim 
in  Winniiieg.  completed  the  inilial  hislallation  of  an  ullim.ile  76.(M)(l-horsei)ower 
mimic  ip.il  i>o\\er  sl.ition. 

l-olloxving  the  successful  development  of  these  two  pl.ints,  and  in  view  of  the 
i.ipidK  inrie.i-ing  demand  for  furliier  iiower  which  students  of  the  in.wer  situa- 
linii  ./l  Winniiieg  at  once  ri'.ili/ed  could  not  be  met  by  the  two  existing  plants, 
(  veil  \n1uii  exten.led  to  liieir  mavimum  cap.icity,  many  caiiitalists  interested  in 
the  power  and  industrial  situation  in  Winnipeg  became  actively  interested  in 
the  ,|uestioii  of  power  development  on  this  river,  and  many  separate  and  cim- 
llicliiig  pouer  -chenies  were  submitted  to  the  Dominion  ( '.overnnient  for  aulhor- 
i/,itioii. 

Th.-e  -cheines  were  freiiueiitly  siip|>orte<l  by  f.iirly  oiniitete  plans  ami 
-pe<il;.aii<m-  from  eminent  and  exiH-rienced  liydro-ulectric  enginiHTs,  ami  the 
contiicl  of  inteie-ts  involved  ill  the  v.irious  projects  siK)n  emiih.isized  the  necessity 
of  an  inde].endent  inve-tigation,  by  the  Dominion  (-..Aernment,  of  the  whole 
riNer.  Such  an  inve-tigation  w.is  the  only  means  of  ensuring  the  conservation 
of  the  river's  power  resources  in  the  interests  of  the  investor,  the  consumer, 
and  the  general  public.  It  was  considered  by  the  engineers  of  the  Dominion 
Water  Tower  Branch  tli.it  private,  municii.al,  and  provincial  enterprise  in 
hydro-elect ric.il  develoiiment  on  the  Winnipeg  river  could  best  be  ensured  and 
safegu.irded  \>\  furnishing  the  prospective  iiower  user  with  thoroughly  reliable 
dat.i  uiM.n  which  the  economic  and  engineering  features  of  the  prosiicctive  sites 
loiild  be  i>r<.,«T!v  and  accurately  judgeil  and  compared.  That  such  definite 
aii<'  dei.endal'.le  information  should  be  secured,  and  made  available  in  reliable 
f(,rm,  is  considered  essential  for  attracting  and  securing  the  confidence  of  capital. 
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Uliinipcii  River  Pourr  and  SUmi-c.  Invvslv-ations.  5 

Tho  «-o„«.rvati„„  „f  „an.ral  nsnum's  is  o„c  of  the  h.mm  in.purtan,  pul.li,- 
proUcns  «1„.  ,  has  ia  n.:ent  years  on.in.m  .1  th.  .h.,.,,!.  ,.f  I'.uM.la  T  o 
w..l.spn.a,l  pul.h.ny  ,iv...  t,.  this  ,|,u.s,ion  iu  th.  press  a,ul  ,.„  ,\u-  plallur.u 
Jlunn.r  rc.cc-,l  years  has  nut  with  an  enthtisiastic  response  from  the  ptil.he,  and 
1..S  rest,  ted  ,n  an  aetne  interest  l.ein,  taken  in  all  h.rn,.  of  ,..  .rnnuatal 
aetuity  resjiectniK  water-power. 

dn  v/-!I  \''r  "'""•'  '''"'•'■'  "'/'""'"•■''"'""  '"■"l"'^^'''  •'"''  P'-atised,  that  huNin,  ,0 
o  «  th  the  conservat.on  of  water  for  -.ower  is  probably  the  n,ost  ,.rodue,i^e  „f 
<i.r  a  and  .nnned.ately  favo^.rable  results.  The  sitt.ation  i„  the  Winnipeg  ki^.  r 
wa  ershe,l  oiered  except.onal  ..pi-rtunitics  for  tin.  practical  realization' of  the 
iH'st  pnn.-.ples  of  conservation  a.  applie.l  to  the  preservation  and  utilisation  o. 
water-penver  resources. 

An.onK  the-    , ower  inveMi.uations  of  the   Dominion   Wa.,.,    P„wer   Urn.ch 
t-xtenehnK^  ove.r  the  provinces  of  .Manitoba,  Saskatchewan,  anel  .\li,.r,a,  .n.l  ,he 

Railway  .ie-l,  o,  1  r„.h  Colun.bia,  none  have  been  so  co.nprehenWve,  eon.pie-t 
aiul  .■o-nse,|u..nt>aI  as  those,  of  th..  ,,owe.r  anel  storage  possibilities  of  thw  rW.v 
-m.-H.nc„,,  n.  ,h..  ye.ar  P^l  1  an.l  now  co.nplete.l  in  so  far  as  elata  perti.u..,t  ,0 

1.^  re.port  are  conee.rneel  bu,  to  In-  e-onti,n.e.d  so  far  as  basic  hvdranlic 
<l.ua  are  ree,t..n.d  lor  the  absolutely  hnal  and  e-o.nple.te  investigation "  of  ,he 
power  anel  storage  resources  of  the.  wh.ile  w-itenJieel. 

'H"' Prinnpal  e.bjertive-  kept  in  view  in  .he  in^  estimations  was  the  institution 
of  as  stem  of  power  .nstallat.on  which  woulel  n.ili/e  without  waMe  .Ik.  entire 
.na,  able  anel  unutih/eel  power  resen.rces  of  the  river  in  Manitoba.  In  onl.  r  to 
m.eler  this  stuely  ce.n,ple.e  anel  co.nprehensive,  it  was  necessary  that  it  shot.ld 
be  sttppletttenteel  by  a  the.rough  inve.stigation   into  the  stoiage  po.>ibili,i  .^l 

anahs.s  of  all   e..x,s,mg  rt.n-off  .lata  anel   gat.ge  re.e-ords,    for.neel  a  n-.v^^uy 
conipleniem  to  the  nilonnation  to  be.  gathered. 

Sl.m.marv  eii    l'e)wi;k  .wd  STe)K.\(,i;  Stldiks, 
The-  piuneipal  re-stilt  of  the  powe-r  an.l  storage  investig.ttions  ean  he-  brie-liv 

T.'.'Z;"""."  1  ''"'""  ""''  ■'  '""  '"^•"  ''^•»'-"-'-l  tlK.t  a  n.ininune,  tlow  of 
mm)  cubtc  le-et  pe.r  secon.l  is  teasible  at  all  se-.is,  ns.  with  an  e  Ui.  i.nt  ,n,d 
systeniattc  conlre.Ie.l  the  river  run-off,  anel  that  it  is  possii.le  ,0  .  on.entrate 
I.ractK-ally  the  e-ntire-  unuseel  river  fail  in  .Manite.ba  into  seve-ti  eeono.nic  poweT 
<-«n.<-.t,trat.ons  wuh  a  minimum  ejutpt't  of  17,S,()0()  continuous  24-honr  pouvr 
unele.r  present  n.nelitions  e,f  Nnv,  anel  of  ^\^m)  horse-.-emer  with  the.  river 
r^Kflateel  to  a  2().()0(.  se.conel-foot  mini.ntnn.  These  power  eoneentrations, 
toge^.,he.r  w.th  the  e.x.st.ng  plants,  will  ce,nserve  to  the  ut.nost  the  pouer  re-sour,  es 
01  the  ^^er  m  Manitoba,  anel  will  supply  a  total  ultimate  outpt.t  of  over  4 '0  0()0 
contmueuis  he)rse.-i)e)we.r.     (Plate's  1  auel  1.) 

The  main  features  <,f  the  iiuestigatiems  are  seimmari/..d  belou:-^ 

_  in  A  ce,mp!<-e  cnfmr  nirvey  has  been  niaeie  of  the.  \V.nni,.eg  rn..r 
m  Man.te.ba  from  ,he  mouth  of  the  ri^•er  to  the  heaelwaters  of  the  cit^•  of 
Winnipeg  nn.nicipal  plant  at  Pejint  elu  Ht.is.  This  survey  has  f.een 
stipplenienteel  by  detail  cross-sections  anel  soundings  at  all  falls  and  rapi.ls 
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Winnipeg  River  Power  and  Sloraae  liivcsti'^atioiis.  7 

wIiiTu  iM)\ver  coiiccntration  is  in  prospect.  All  existing;  dams,  weirs, 
bridges,  aTiil  [JLTinaiieiil  works  lia\e  hccii  tied  in  to  tlu>  basic  fuld  siir\cy 
lines. 

(2)  A  permanent  system  of  bench-marks,  located  on  the  bedrock 
an<l  tied  in  to  sea-level  datum,  has  i)een  estal)iislie(l  throughout  the  entire 
I)ower  reacii. 

(.')  The  complete  sur\e\-  notes  have  been  plotU'd  on  standard 
lopoKrai)hic  .sheets,  and  ar»>  ap|)ended  to  this  report. 

(4)  SeM'ii  points  of  concentration  lia\e  bein  selecte<l  as  the  pros- 
pective sites  of  future  jxiwer  development.  These  sites  will  de^elop 
practically  the  entire  remaining  dro[)  of  the  Winnipeg  river  in  Manitoba, 
unutilized  by  the  present  exiNtiiij;  power  plants  on  the  river. 

(h)  At  each  of  these  ;  ven  sites,  derail  layouts  and  designs  covering 
a  feasible  method  of  development  ii.u  e  been  prepared,  and  the  e  timatcd 
cost  of  de\(Iopment,  maintenance,  and  oi)erati()n  has  been  .leduced,  for 
the  double  purpose  of  comparing  their  individual  engineerhig  features 
and  their  connnercial  possibilities.  The  |)lans  u\*m  which  the  estimates 
were  based  are  appended. 

(0)  The  seven  proi)ose(l  power  concentrations,  with  estimated  capital 
an<l  operating  costs,  are  listed  in  table  1. 

(7)  Tlie  total  dependable  power  on  the  river  in  Manitoba,  based  on  a 
regulated  miniimun  ilow  of  2(),00()  cubic  feet  i)er  secon<l,  including  that 
available  at  the  two  ix.wer  stations  alreatly  in  operation,  is  41S,()()()  horse- 
I)ower  in  terms  of  24-liour  continuous  power. 

C  rermanent  metering  stations  have  been  established  at  Slave 
falls  on  tile  power  re.ich  in  Manitoba;  at  the  head  of  the  I'inaw.i  ciiannel; 
at  the  outlets  of  the  Lake  of  the  WockIs;  an.l  on  the  Whitemouth  river. 
Miscellaneous  measurements  ha\e  been  secured  throughout  the  basin. 
All  early  run-olf  records,  and  all  records  secured  by  oiher  org.uuzations, 
•such  as  the  Dominion  I)ei)arlment  of  Ptiblic  Works,  the  Ontario  Il>-dro- 
electric  Connnission,  and  the  Inited  States  ( leological  Survev,  haxe'been 
collated  and  art'  ap|iendcd. 

(9)  'Hie  i)ower  station  of  the  \Vinni|)eg  Klectric  Kailw.iv  C.nipany, 
and  the  Kenora  municipal  power  station  have  bi'en  rated. 

( 10)  F.xisting  records  of  lake  levels,  of  head  and  tailw.iter  elevations, 
of  power  loads,  and  of  precipi.ation  and  temperature  li.ive  been  roilated' 
and  studied. 

(11)  A  fully  e(iuipi)ed  evaporation  st.itio.:  has  bi-n  est.iblished 
on  the   L.ikc  (jf  the  Woods. 

(12,'  The  storage  necessities  and  possibilities  of  the  watershed  have 
been  exhausti\  cK-  analysed,  and  the  stejis  necessary  to  ensure  an  adequate 
minimum  flow  at  the  various  \ital  points  on  the  ri\xT  determined. 

i  13)  A  stud>  lias  been  made  of  existing  water  rights  throughout  the 
basni  and  of  inteniational  questions  which  have  arisen  in  connection 
with  the  boundarv  waters. 
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.     S     SSSSSS 


■:t-»«rmu!A\  moij  ..nin^Kl  ■     ^     «     Z^^.^S-'.^.Z 


•*v  c  c  is 
^  »-  ^  >  c- 


i<2 
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"(14)  Tlu-   p,,ssil,ili,i,s  ,.f   fmurc-   naviK.„i,.„    haw   Ik-.„   .iv..„    f,.l, 

wH   p..n.n,  ,.,  ,.u.  n..!,.  .anali.nion  .,f  .lu-  ,i^vr,  wl.il..  pr..vi.  i.„  '       Z'. 

S1...1,  ,1  ,  u^  hn„n.  .aaahxa.u.u  ,.|  ,1...  riv.r  ..vr  l...........  ,l...iral,l..      ' 

.       '    -■>)    KmMihk  IM.u.r  plants  an.l  all  ..,l,.r  v,.s..,.,l  inWrv^i,  alone  ihc 

riMT  hav  W-cu  .anh.llv  Mu.li.,!.  ^^    '" 

<1'"   IWii,    HHl  fmnn.  n.ark.t  ,u,wli,i„Ms  an.l  pu,Ml,ili,i..s  |„r  the 

ut,l./au..n  ut  ,|u.  \\innip,-„  Riv.r  pou.r  have-  l-,,.„ 


linn,    has    Inrn    ,|.i.,Tni,u-.|    |,,r    th<.    luliin- 
(IcM'lopnuni. 


ijliidancc    of    hvdro-.K.  trie 


C"ON<  l.l  >l()Ns    M<.)M    In\|>||,;mi()NS. 

im.  I   ul  „    the  proper  nt.h.at.on  of  ,h..  resonnvs  of  .he  Winnipeg  River  water 
IK-<1  lK.s  of  necessttv  luvn  ...en.le.l  ,o  e,.er  the  wa^  s  an.l  .neans  1      whiHl  ^1^ 

;  i.'z:i  "rrr'  "r^  •  ■  "^  ''t-"""'  '•^"'  •-  '"•'"^'  ^"">'  -"'^'''^■"''  ^ 

puhli.   M>o.l        I  he  e.nulusions  evoKuiK    from    these  stu.lies  an-  tlisenss  .,1     in 

;  ri;  •;::^  :;;;/'^':i-r"""' ":  —^'-  ^^'••>  ••"■  -n..ns  :;.i.j:tr;l; 

tiHv  ar    p.nn,ent.      [  he  „,ore  nnpnrt.mt  may  here  he  snnmun/e.l 

oiiK    ..ttamal,  e  by  a   power  system   in   whi.h   earh  .Uvelop.,!   site   forms    , 

^  ■  h,e  U  Tl'"":"  r^  '",""  '"'''™"  "^  ^""'^^    hy.lro-electrie  .levelop- 

nit iit.(  )        )ne  I  .  th,.  n,lenl..,H.n,len,v  .,f  a  s.ri.s  of   hv.lro-electnV  plant-  stul.  as 
^pr.....se.l,  an.l  to  ,1...  eon.li.t  of  ,,..,1-  an.l  taihvaler  elevation'    sis^^,;" 

rs;;:,-^,,;:;;.:-''--' ''--•'-" .-^"-K—u.n.i.,  eon.,-,^ 

Ffll  reali.alion  of  ,!,.•  pow.r  res.,ur.vs  of  th.-  \Vi,.„ip...  n^er  in  Manitoba 
-  P.i^ible  ...ly  thron.h  an  exhaustive  „K.asure  ..f  rt„,-oJ  .-ontn-l,  .m.l    te  ^ 

D       u:':::^:'^  --bhsh„.ent  ..  storage  reser^..irs  in  the  t.pper  .at;;:, 
poe     ,;;""'"'  re„mren,en.s  ...  the  hnnberinK,  .Ishin,.,  naviKation,  an.l 

^^io^^^nl^T^^-"'"'    M  '■"  "^"''"''^■''-  ''  '"•'""■^  ""'-'"'■  <""'-'.  -tisfac- 

e  f    I  ;  7  T."''''  ''-■  '"'"'■  ^■^'"^'■'''  «<'v>r..n,ental  anthorit  v  p.,ss..s.in^ 

ntJ;    .:"i':r"'f  ;'     ""^""?  ^^•T-^-'--«'  •--„,  emire  anthoritl.  ..ver  I 

Txmised  thr  nl  '"■  '■^■"^"'■^•'"""^-     'I^'-  ••-"-"'>•  ran  only  be  properlv 

extn.scd  through  government  owt.ed  or  operate.l  storage  ros  -rvoirs 

storage  st'^H""  ^Z''^' ''^''^^^'r^'^'^  "''t"'"''  "^  "h.  .lata  gathered  in  the  power  an.i 
st«rage_stud,e.,  the  Donntnon  Water  I'uuer  Branch  i,  now  in  a  position  to 

Pc..r5>!^;i^™;;r^  ■;; 'i;!;?^!,;;;;  j-;--l.™^,'^^  of  P,„„ic  ^y„,.  ,.a,  aire...,,  approved  .he 

r„  J      "'"-;  """  ™mpl,.tion  of  tlu-  ixiwiT  stii,    .,    1,,,  a  t ,.  rf  •  -r  r  ■    h  .  V    •'?  ""••'■'V«'"'""  interests  are  conrerned, 
Company  has  conmiiiuo,!  op,-ralion<  on  tl      (  re^      f     /  ,       ]•"'''  ''''^''"'  ^-^  ''"  """"et.  the  VVinni]»-«  River  Power 
re,«rt.anHlu,sa,Io,,u.,lthehnmi„;h°  1      „,    uit-'^^^^^^^^^^^^  ,„  „„.    ,;„   UoD-t  site  in  tl.is 

men,  schen,,:  onthne.l  herein.     For  full  discuLiorl'of'lhis tVd'pment  s";' AppSjl,'','!'^""'^^^  "^"  ''"•-'<"'- 


10 


Dfpdrtmritt  nj  the  hitrnor. 


intilliKi'iitlv  MiiHTvisi'  •  coniprihinsivo  puvvir  sysli'iu  r-inh  as  is  [iroposcd  for 
the  <li\»l<i|ininit  of  till'  rivir  in  Maiiilob.i,  and  to  cnsuic  tlif  maxinumi  ntiliza- 
tiiin  and  pn'si'r\aiion  of  its  jiower  ri'sourct's. 

Tile  full  ronscrvation  of  tin-  [hiwit  resouro's  of  tlu-  wati-rsln-d,  rccniin  s 
al-'i  tlu'  in>-lilulion  tlirounlioul  tlu'  w.itiTslird  of  a  s\slL'inatii-  policy  Inukinn 
to  a  projiiT  pri'sirvation  of  tiir  fonst  comt,  which  now  s(»  elTictivily  .is^i-ts  in 
tiatnral  rt>;nl.ition  of  the  ri\iT  How.  (  on^-istt lit  steps  have  already  lieen  taken 
to  this  end  l>y  the  Dominion  Water  I'ower  Hraiich. 

'l"o  realize  the  nia\inuiin  power  otitput  of  the  Winnipeg  rixcr  will 
recniire  the  most  thorons^h  and  Mientilic  control  of  the  forest  and  water 
resources  of  the  entire  watershed,  hy  an  authority  with  sullicient  power  and 
lireadtii  of  >  it  w   to  ensure  that  all  alfected  interests  receivi'  their  jli>t  due. 

Ki  <()mmj:ndatjons. 


As  a  result  of  the  power  and  storage  studies  now  successfully  completed 
in  so  far  as  is  ne(e»ar\-  to  outline  a  comprehensive  scheme  of  ])ower  development 
and  to  enun<  iate  a  policv  suitable  to  the  projier  operation  of  such  a  system 
as  is  proposed,  the  following  reconnnend.ilions  are  appended:    - 

(1)  All  future  h\<irii-eli(  trie,  milling;,  or  industrial  inidertakinRS 
acquirinj,'  power  ]>ri\  iliv;es  on  the  1)owit  reach,  of  the  WinnipcK  river  in 
Manitob.i,  should  he  aullioiized  onl\-  in  acconiaiui'  with  th  •  i;eiUT.il 
scheme  of  po'er  <i.  \elopin»'nt  outline,!  luri-in,  of  'ii  accordance  with  such 
modilications  of  the  same  as  may  he  considered  adsisahlo  as  a  result 
of  the  fiMther  information  an<l  data  heinj;  secured  hy  the  continuance 
of  the  iiriMiit  studies. 

(2)  .\iithorii\  for  all  su<h  undertakiuKS  should  fully  i)r(jtect  the 
head-  and  t.iilwater  le\els,  not  only  of  all  existini;  intcrists  on  the  river, 
hut  also  of  all  sites  of  futtur  powir  ( onceutration. 

(>  AuthoritN'  for  all  such  midert.ikinjjs  should  retain  to  thi-  (lovern- 
menl  a  .inasure  of  super\  isiu).;  local  i)ond  coTitrol  for  the  protection  of 
other  ])lants  on  the  ri\tr. 

(4)  Authority  for  all  such  undertakings  should  call  for  th^'  hearing 
hy  the  lessee  of  the  cost  of  reser\()ir  construction  and  of  storage  control 
operation  anrl  maintenance  in  the  up|)i'r  watersiied,  in  jmiportion  to  the 
henelits  accruiaj;  to  the  lessee  thiTefrom. 

(.S)  Th>'  estahlishment  of  new  regulatiiitf  reser\  oirs  should  he  tnuler- 
taken  hy  the  Crown,  and  the  cost  of  constructhig  tlie  necessary  dams 
and  regiilating  works,  as  well  as  of  maintaining  antl  operating  the  simc, 
should  he  apportioned  among  the  various  power  undertakings  benefiting 
therefrom,  in  iirojjortion  to  the  benefits  iiccruing. 

(6)  An  appraisal  of  the  value  of  existing  storage  works  throughout 
the  watershed  should  be  undertaken  by  the  Gu\enunent,  with  a  view  to 
their  ultimate  jnirchase  or  exjiropriation,  the  cost  f)f  such  ptirchase  or 
expropriation  to  be  apportioned  among  the  power  users  benefiting  from 
the  use  of  the  storage,  in  proportion  to  the  benefits  accruing. 


U'innipii;  Kitrr  I'ln^rr  niui  Slonr^i-  hnr'.li'^dlions. 
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'(7)  .\lliiiattiTs|)irt.tii)iiin  to  lUc  nnulalioii  d'  ihc  l.iki-.md  nscrxolr 
U'VfIs,  and  to  iiufstioiis  ot  nin-olT  and  dis(li.,rn'-  niniiniiiin's,  >,h,,uU\ 
Ih-  iindtr  till'  joint  control  of  the  Doiniiiion  Water  I'onmt  IJrandi,  ami 
till'  Hydro-rUctric  I'owcr  (  onnni»ioii  ol  ilic  I'rovimc  of  Onlarii),  or, 
failinn  tin,,  oi  a  K<'Mrnniiat,il  iioard  or  (onnnissioii.  'ihc  «ontrollin^; 
body  nuisl  haw  tlic  fnll  contidcnci-  of  all  inl.Tots  artVrti'<l  liy  <|Utsiions 
ol  nni-oll  and  lake  li\ils,  and  iini>.i  po>M>>  iniirf  ,uithorit\  and  lAirt  Im' 
its  coiiirol  a«  li\il\    ,111(1  iJircclK-. 

(«)  Some  dilinitc  nicisuns  of  foroi  prcsirv.ition  -lionld  he 
instituted  in  the  innnediiite  future,  .lud  he  contiinionsK  ni.iinl, lined. 
I  liese  measures  hlK.uld  ini  liuU' x  ientilie  liniher  lUttin)^'  .mil  inniinriii)i, 
systematic  relore^l. II ion  .md  etfecli\e  proleclion   from   lire  r.iv,ti{es, 

(9)  All  lands  wliicli  will  lie  necessiry  for  or  alfe(  led  l.y  tin-  future 
foustniction  of  power  imdert.ikinKS  or  of  storaKc  works,  should  he 
reserxcd  to  tlu-  Crown. 

tlOi  The  preMiit  sludies  should  he  aKuresMvely  continued,  more 
parlieiil.irK  wmIi  nspect  i,,  tile  Monii^e  re(|uireineiits  aiitl  iiossihilities 
ot  the  l).i>i,i.  Anion!,;  llie  v.irioiis  ph.i-is  of  activ-: y  which  are  essinti.il 
to  the  proper  luture  conlro!  of  the  w.iter  resources  of  the  river  li.isiu 
are:  continuous  siri'am  me.isar.nuat  records  at  .ill  \ital  points;  con- 
tinuous surface  level  records  of  .ill  pid>pe(tive  and  e\i>tiai;  reservoirs; 
conliiiuous  evaporation  records  in  ^arions  parts  of  the  watershed;  the 
estahlishment  ot  numerous  precipii.ition  stations;  tlie  prosecution  ;)f 
reconnaissance  surveys  for  the  investigation  of  storage  posMbilities;  tiie 
rating  of  all  power  stations,  mills,  d.ims,  .md  weirs  in  the  watershed; 
a  study  of  the  rel.iticm  lietween  tiie  various  existing;  reservoirs  and  slor.iii;e 
prospects,  and  the  existiii),'  pl.iius  and  jiossibk'  power  sites;  continucnis 
surface  level  records  tmder  all  st.i^es  of  tlow  .it  all  vital  points  on  the 
power  reach  of  the  river  in  Manitol).i;  and  ine  ni.iimen.mce  of  .in  eliicient 
policy  of  forest  iireservation  and  proiiction. 

Policy  oi-  tiiI';  I)i;t.\Ki.Mi;\T. 
The  |H)licy  of  the  iXtminion  Water  Powit  Ik.mch  is,  in  brief:  to  encourage 
desirable  development  of  water-power  resources;  to  discourage  and  prevent 
the  initiation  and  development  of  uneconomic  and  wasteful  projects;  to  ensure 
that  each  site  developed  shall  utilize  or  provi<le  for  the  future  uiili/ation  of  the 
maximum  available  power;  to  ensure  that  river  systems  are  developed  aloni; 
comprehensive  lines  wherein  each  unit  is  a  component  link  in  a  system;  to  ensure 
adequate  storage  meastires  in  the  interests  of  all  powers  affected;  to  prevent 
unnecessary  and  cosily  duplication  of  expenditures  on  the  part  of  com()ctinK 
plants;  to  jirotect  the  public  from  inadvis;ible  power  schemes  and  ill-designed 
plants  .and  dams;  to  safeguard  the  public  from  monoiiolistic  control,  by  reg^'a- 
tion  and  periodical  re\isif)n  of  rates;  to  see  to  the  early  carrjing  into  elTect  of 
acreements  issued  by  the  <,  .-artme^it  for  the  development  of  power;  to 
compel  the  develojimeTit  of  existinii  jjlants  to  their  limit  when  the  market 
demands;  and  to  promote  in  every  way  the  fullest  consenation  of  the  power 
resources  of  the  West. 


'l-or  fiilliT 


;T  ri'iomnu-mhitions  re  storage  contnil  see  iluilUiT  IV,  iKinf  l.H. 
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l>i-/)<trl>       '  of  the  liitfrior. 


'I'lii'  rryiil.ilioim  iioNcrtiim;  tin-  nr.i.iliiin  uf  w.itrr-ixmcr  riuliis  in  M  milnli.i. 
S.iskatilirw.iii,  Alli'ii.i,  .111(1  (he  Nurtliwcsi  rirrilDriis  .\rv  .ill  it  lieil  tci  iliis 
npurl  ill  lull  in  Appiniliv  l\'.  A  •  .irtfiil  Mmly  ol  the  x.iriuii-,  (j.iiiscs  of  the 
rr«iil  iliiins,  .111:1  (it  tilt'  ((iinlilion-.  wliicli  .irv  inifNiMil  ii|i(in,  .md  die  pri\  ijiyrn 
convex  cil  til  the  iipplicMiit.  will  ^ciNc  !>•  ni:ikc  cli'ar  I  lie  iiici-iin-i  whiili 
ari'  iKiniid  is,,inii.il  id  ilic  prupir  .lilmini^li.iiinn  <if  llic  w.iiir-puwtrs  uiidir 
ronlnil  (il  ilic  Dip.irlimnt  (it  the  Intnidr,  in  lliu  intiTi-ls  <il  linih  the  in\»>-l(>r 
.mil  liic  ,(in>imur. 

'I'lif  iiiiti.il  -tips  l.iktii  li>-  the  (lip.itliiiiiit  in  iliMliiiy  wiili  .m  .ipplii  .itioii 
lor  w.iliT-piiwir  prixihv;''^  .ire  l.irKcK  (UpriKlcnl  iiimhi  ilic  i  li.ir.K  tir  <it  the  >ili' 
.ipplifd  l(ir.  .ii'.cl  iipdii  thr  <lit.iil.il  il.ii.i  Milimiltid  l.\-  the  .ipplic.iul .  ( ■iciicr.il 
iiiloriiMiion  coMriiiv;  'li>'  prujci i  i>  niniircd  .ilonn  the  linrs  sri  nut  in  sciti.in  || 
(it  the  n(.;iil,iti(>n^.  1  pun  tin-  rli.ir.u  ti-r  nl  tlic  infcirni.iliuii  supplinl,  turtlitr 
aitioti  i^  l'.iM(|.  A  I  iin>ii|i  f.itidi  (it  llir  d.il.i  ?.(iliinil  lid,  in  ((iniiiiK  timi  with 
w  li;it(  \('ri  Aistiii);  i.ilnnn.itioii  in.i\  In-  on  tile  in  tlir  dit'.irtinint,  ditiTiniiu-^ 
win  tlur  lurllicr  inlonn.itioii  is  r((|iiiif(l  .md  wlutliiT  an  inspirtinn  In  one  ot 
the  licid  I  ni;iiuiTs  is  iu<(ssir>  This  iiisptction  is  alu.i\  s  R<niiri(l  should  llu'  sitt- 
.ippliiil  tor  l)c  one  witicli  li.is  not  inin  pri'\ioiisK-  ((imtciI  li\- the  lifid  iiixi'sti- 
!.;.iiioi!s  ol  tlir  Doiiiiniin  W'.itir  i'liwir  Hf.m.  11.  Il.iscd  upon  tlu'  tiild  ollinr's 
report,  or  upon  lie.  id  otiici-  stud  its.  tin-  .ipplii.ml  in.i\  lie  .uKised  tli.it  his  projeit 
is  unsound  upon  either  eni;ineeriui;  or  ecouoniic  nnnnids,  or,  should  the  si  heme 
lie  leisiliie.  he  ni.iv  lie  e.illed  Upon  tor  tlirtller  dit.iils  under  seetion  W  ot  the 
remil.ilion  -. 

W  lien  the  dep.irtineiit  is  <(in\  ineed,  .iller  indepriident  iiu e-^'  ,;,itioii,  tli.il 
tile  enitinieiiii^;  te.itnres  of  the  project  .ire  soinid,  .md  tli.it  it  otters  re.isoiialiU- 
prospects  ot  tiii.mci  il  success,  .md  has  .ippro\eil  the  scheme,  an  aureemeiit  is 
i'siied  .mtliori/ini;  the  <  (iiistnictioii  of  the  pi, ml.     .\l  no  sl.iv;e  does  e  jiriorilx- 

ot  aiiiilic.ition  comey  any  rights  to  dexelopnieii'  liiis  i-,  .i  necess.n  \  pro\  isioii 
in  order  to  forest. ill  bl.mket  .i|)plicati()ns  lu.ide  with  .i  \\v\\  to  holdiiii^  power 
sites   lor   specni.ttive    ptirpoMS, 

The  prim  ip.il  i  l.insis  of  the  aKreeiiuiit  are  fr.mied  to  protect  the  puMic 
trotu  exploit, ition  ,i!  the  li.inds  of  interests  which  in.iy  ha\e  in  \iew  tlu'  s.ile  of 
rights  onl\ .  .mil  not  .ictu.;!  de\  elopnient.  The  more  important  features  included 
are:  a  detniite  tiiiU'  witliin  wliiili  the  |)roposei|  wurks  sh.ill  lie  lientni;  a  slated 
miniimini  .iniount  of  expenditure  to  lii'  made  aiiiiii,ill\  on  .idual  construction 
ot  tile  works;  .i  sLiIkI  .iinuiml  of  w.itt  r-powi  r  to  he  de\eloped  froni  the  w.iter 
aiiplied  lor  within  a  lixed  |ieriod  not  exceeding;  live  \e,irs;  sunmiarv  i  .incell.itiou 
ot  the  a!.;reeine]it  li\-  the  minister  if  any  of  the  .iliove  conditions  h.i\e  not  lieeii 
Complied  with;  .md  pro\  ision  for  the  isstiinj;  of  a  least'  and  a  license  to  the 
applicant  upon  tiie  fulhlment  of  the  conditions  of  the  .i^ieetnent.  The  license 
co\ers  tile  use  for  water-power  jnirposes  of  .i  st.ited  ainonnt  of  water.  The 
ii.ise  COM  rs  the  use  of  the  iiecess.ir\-  l.iiid.  Other  dausi's  are  inchliii'd  liiokinj; 
to  the  full  i>rote(tion  of  the  jnililic  interests  involved,  and  varying;  with  the 
particular  iiecessitii's  of  eacii  proji'ct. 

Before  actual  constriKtion  work  is  coirinienced  on  the  grmmd,  the  K^-iieral 
la\otit  jilans  and  the  actual  constrticlion  plans  coverin^^  the  plant  must  ho  suh- 
initted  to  the    lepartnu'iit  for  approval. 


U'innitux  Knrr  I'ourr  ami  Shmi-f  luvf\ir^iiiif»is. 
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Dimiin  iIh-  |«ri<Ml  .,1  ...iiMriKiiun,  ihr  .1.  |..trlin.  .il  m.ii,ii,.i,i^  ..n  i,i>|H,  iiii« 
.•iiKiii..r  ...I  tl.r  works  Nsli..s.  .I.iiy  is  I.,  m..  t|,.,i  all  ih.-  i,ri„s  .,t  ilir  .,yt. .  Mi.nt 
..r*'  ..|.Mr\r.l  1  lli.il  ll.f  «.„ks  ..rr  .oiiMni.  i...|  ...ronlinu  !-•  pl.l.ls  «|,i,|,  |,.,v,. 
Imtii  a|.|.r..v,.l  ...  UAis..!  I.v  il„-  .1.  |uriii„  „i ,  |'ruiM|„  ^..kK  i.m.ki.s,  rr,,.,ris 
art'  I..ru..r<lnl  .lii.n  m  th.-  .l.|Mri.n.„i  ..i  Oii.nva,  aa.l  ilir  h.a.l  mi,.,,  i.  .,,  .,11 
lim.s  <lir..tlv  ill  toil.  I.  will,  all  il„-  <  .uisini.  li,...  l„i,iK  ,ani..|  ..„  „„.|,r  iis 
H.riMli.iiu,,.  I'r.sM,,^  matt.rs  ar.-  .l.ali  will,  I.v  ilir  i„s|H.ii,iK  .„Ki„.-,r  ..„ 
th.'  Kn-.ia.l.  Mali.rs  .,1  xiial  iiii|»„  ia,i.  .•  ..r  iuvuKi,,;.  ,,,„.sii.,i,s  nl  •„,|i,  v  aro 
ri'fiTrt'.l  I.,  h.a.l  ..lli.v,  aa.l  ar.'  .I.all  will,  l,v  .  ...r.  s|,.„i.i,  ,„  ,•  „r  I.v  w'ii..  a-  tin- 
.as.'  .I.„,aii.!s.  Nii.Mis  ,lill.n„,..s  .,|  ,.,.i„i,.„  .,s  ,,,  .„i;ia,v,  i„i;  ,|a,s,i,„„  ,,r.. 
nl.rn.l  1..  il„.  .I.|.ail„„,>lal  lt..ai-.l  ..I  (  ..iisallian  I  ,,iKi.i. .  i-.  I.i  all  phaM',  ..C 
Ihf  ...asini.  li.m  ll,.  ,1,  |,ai  l  m. ,,,  .a.l.  a\.ii,tN  I..  .x.niM-  i|„.  |„a.li,.i,>  ,.|  an 
iinpailial  ai,li,..iily  iiu.iialia;.;  I,.iu..i,  ll„.  nspmix,.  Jai.  ,.  ■■  ,,l  i|„.  ,.u,„r, 
till-  iiix.'st.ir,  ami  llic  piiliii.  . 

'  I'"'"  •'"■" '"'""  "I   'I"'  ' .liakiuK  ill  a.<.„-.|aa.v  uill,   I  !,.■  ,  ,.,„|ii  i,,„s 

.,1  ll,.'  aKn.in.  111.  a  li. .  .,«•  I.,r  ih.  um'  ..I  tl...  wai.r  i.  i>MU<l,  ia<-..r|H,rali„K  the 
l..ll..w,.iK  |.ii.i.i|.al  .laas.s:  ,,.r,„^  ,,f  li.viiM,  Iwiatv-..,,..  v..ars  r.ii.wal.lf  lor 
''."■""  '""ll"  <'■  ->'.ili\..  Jl-v.ar  I.  mis;  s.  I„.,l„|,.  .,(  ,•.,,.>  aa.l  |.,i,.-s  i,,  1... 
<i.arj.f.l  1..  liif  piiMi,  l..r  use  ..f  ih,-  |,.,u.  r,  to  l.i  Mil.„,iti.  .1  i,.  il„.  |!,,ai-,i  ,,|  Kail- 
wav  (  ..,n„ns,i,,i„-,>  ,,|  (  ,,na.la  lo,  a.ljusl„,ci,t  aa.j  ap|.r..xal.  ll,.'  sa„i.-  I.,  I.e 
ii\  is.  (I  I  \i  r\  M\.  I,  \.ars. 

I'll.'  pr...v.l„n-  as  oiilli,,.,)  al^.v.-  is  s|1kI,iK  alt.n.l  i„  .Ualiai;  will,  pn.i.rls 
aloa.i;  a  rn.r  whos.'  nM.iii.  .s  lia\.'  i,.<,i  ii,.,i-.,iini,lv  ia\ .  s,ii;al.<l  li\  ilic  litl.l 
.ilKiiurrsof  ll,.'  I  ).,i),i,ii,.i,  Wal,  r  l'.,w.r  hiau.!,.  I„,„i...|ial,  l\  >,„  |,  i,,ws,ii;a- 
li..nisn.„ipKl..l,a„.lll,.',.,i„hisi,,i,s.i.l,ri„ii,..l,il,.  ,|,,.a,iii,  al  is  ia  a  p.,si,i.„, 
to.lli'.at.'  a  m|„.„u'  ..f  .|,N.|,,p„„,il  l.a  ihr  ,„iiri'  riMr,  s..  ,|,al  .  a.  Ii  ia.liv  i.|i,al 
project  will  lurm  a  <  ..M,p,„i,iil  pail  ..I  the  wliol.'.  Tjiis  p..li.  v  is  |,,||,,w.,l,  aa'.l 
all  hv.ln.-i'I.'.lii.  1111(1. rlakiaKs  on  smh  rivers  are  .arri.il  oin  al.ae^  lli.se  ii,,,,. 
The  oiitstaH.li,,.^;  iVatui.-  r.>allia«  In.iii  sii.h  a,h„i,iis|  ratim,  is  ih,'  L;n.,i|y 
in(r.'as,-,|  „,.,xi„„„„  oinpat  s.run.l,  ..x.'r  thai  ..l.laiaai.le  hum  ua;;ui,|r,l  .ni.'l 
tnireslraiiud  pri\al.'  iiiiiiali\e. 

This  a.li„iiiistrali\e  policy  can  i,ow  l,e  a.L.pte.i  al(.iiu  ll,,'  Wiaaipeu  rlx.r, 
and  ia  la,  t  has  alrea.lv  L.-.n  p„t  i„l,.  f,.r,-e  in  .le.iliaK  with  ill,'  p..u.r  pn,i,,t 
\vl,i,i,  ll,.'  \\ia„ip.'t;  Kiv.r  l',.\.er  (-..nipaiiv  has  at  pr.seiil  iia.i.r  .oasini.ii,.,, 
at  tl.    .Ill  Hoiiiu't  tails,  aii.l  w  hi.  I,  is  .lisciiss,.!  at  leiii;tli  in  Appen.lix  II. 

\\a1.r-p.iw<r  is  readilv'  sui.je.t  to  ni<.n.ii)olistic  .(.atrul.  This  i,  lari^ilv 
<ltle  to  th.'  lua\y  <a|.it.,l  exiR'n.litiire  ii.c.ssary  in  ilu'  .Irulopni.ni  ,,|  {..r^e 
hy.in.-ele.  tri.'  tiii.l.  rlakiii.ys  ami  in  the  transinission  of  |)ow.  r  t.,  liie  ...a:.aiiur. 
Auain,  iiowir  ohlaiiie.1  Iroiu  ris.T  (lischarRe  is  perpetual  aii.l  at  the  sanu-  lim.' 
limited.  If,  theref(.r.',  it  is  t.)  l.e  kept  always  availal.U'  t..  the  ptil.hc  at  n  ason- 
able  rates,  its  dispr.sal  imisi  he  carefully  safeKiiarded  and  c..iii,,,ll,,l. 

The  power  sitnation  on  the  \Vinni|)e^;  river  has  an  e.itializiii.u  fa.lor  in  ilu- 
niiinici|)al  plant  of  the  city  of  WinnipcR  it  I'oint  dn  15,.is.  This  hix^i-  an.l 
successful  intii,icipal  ni,(lertakinK,  with  its  in.Hleni  and  .'vt.nsix ...  installation 
and  with  its  great  reserve  of  power,  feeding  into  the  city  ..f  \Vinnip.',g  .ner  its 
own  transinissi,)!!  system,  will  always  serve  to  moderate  and  t<j  regulate  the  rates 
chargeable  for  power  in  this  territory.     The  department  is  also,  as  a  result  of 
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Ikfktrtmttil  of  till-  Inlirior. 


till'  siirM  y>»  \w^\  comiiUlcil.  in  iumm.iiiil  of  i'iiiii|i|t'li'  .iiid  dri.iiUd  d.i'.i  as  tn 
the  soiiniH  .iinl  iMclll  ol  till'  pnurr  i  il.llilr,  llir  l.irKtr  |Mirtii  II  1)1  v\liicll  is 
still  M'stttI  ill  till-  (  row  II,  I  iiilrr  tlitsc  ruin  lit  ion-.,  .iiul  with  tin-  cuntrnl  ,,{  r.itis 
|)ri)\i.li<l  li\  tin-  riKiil.iiic.ns  ulii.li  nuvirii  tlif  Kr.iiitinK  ol  wal<r-|Mmir  riKlils, 
tlirrc  is  III)  iiriis|i((  I  III  ihf  sciiitlicrti  puriiiiii  nl  tlir  |ini\iii(r  ol  Maiiitoli.i  (omiiiv.- 
umUr  a  iuiiiii>|iolistic  powir  rtKimc. 

Wliilo  tiir  (laiii;ir  of  sIiikIi  .iii'l  imliniitnl  pri\air  loiitnil  imist  l«  niianl.il 
anaiiisl,  lilt'  initstiuii  ol  imiii' <ss,ir\  iltiplii  atioii  ol  transmission  systiMiis  must 
also  |ir  roiisiilcrril.  ( 'miii|)(I  it  i(  ill  wliiili  iinolvis  caiTxiiiu  liravs-  oMThtail 
<li.irv;i^  iltir  I"  iiiiini  t'sarv  i|ii|ili<'.itioii  of  transmission  ami  ilistrihiition  svsti'iiis 
is  nniirolitalili'  IhiiIi  to  tin-  inMstor  ami  to  tlir  nmstinnr;  this  phas*'  of  [lowir 
ilcvtlopiiinit  rniiiiris  iml  nn'Ms  (.infiil  ( onsidi'ration  in  ihr  uranliiiK  of 
\\atir-i>owir  prisili'v;«>.  Crown  suprrvision  ami  ronlrnl  ol  rates  all.iwinv;  lor 
riMMiiialilf  rm.incial  r.tiiriis  on  iiiMstniciit  while  uiiardin^;  ayaiiisl  i\lorlioii 
ami  o\ir(  har^itiL,.  woiild  appiar  to  In  (  .  most  -aiisfaitory  arraMi;riiiint  loi 
all  p.iriiis  inliicstcil.  Sm  h  a  polirv  must  rt'roytii/c  lioth  the  iiicil  loi  the 
iillli/alioii  of  the  jinwrr  .iml  the  ilaiiyers  of  inoi  ipolisti,-  lontrol.  ami  iniisl  take 
(fill  li\e  ai  lioli  tor  the  proper  ^iiiilame  ami  eoiilrol  ol  eai  ll. 


N'|(l,ss||S     liiU    (kciWN    (■|iMKii|     ilV  1  K    IhhKil    I'llilHIt      I  \  \  I  s  1 1( ,  A  111  )\ 
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An  inipaiilal  yos  eriiinetilal  snpir\i-iiin  ol  waierp.iuer  ili  >  Inpineiit, 
from  liie  iniliai  si  i;es  lo  ilie  Imal  <iislriliui  ion  .iml  >alc  ul  th.'  po«ei,  is  lo  the 
iinitnal  aiUanla^e  of  the  i.nesinr,  tile  yi  aeral  imhlic.  ami  the  direi  t  consumer, 
'i'lie  tnilh  of  this  is  parlieuiaiK  (\iileiil  in  plaiiiiiii'^  the  propir  ami  (ipiiipre- 
heiisix  e  utiii/alioii  o|  the  power  resoiiri  es  III  a  rixi  r  such  as  tlie  \\'iinii|)(  ,;.  w  here 
Imt  few  \i'-i((|  interests  iiiierUre  witil  luilro-electric  ilexelopimu  |  alonn  lines 
of  niaxiniiini  I.Mulicial  use.  The  \arions  ]iliases  whiih  remler  .i  greater  or  less 
(li'viree  of  (luuii  lontrol  esseuti.d  to  ihe  tnie  i(inser\  alioii  iiolh  ol  the  piililic 
jnlt  resis  ai^d  of  capil.il  i  .m  he  sniiniiari/eii  .is  loljows: 

i  1  !  The  selei  lion  of  .i  In  dro-eiei  li  ii  site  1)\  pri\ale  iiiuresls  usiialU 
results  ill  ihe  iilili/ation  ul  tiie  yreale'-l  drop  which  can  lie  econ.  Miiicilly 
coiici  inr.iled,  wilhiiiit,  .is  .i  rule,  i unsideriiiK  the  reijiiirenienls  .md  ijic 
pos^iliijiiit  s  of  the  viNir  .is  a  w  iiole.  This  has  been  particnl.irK  no!  i  eaMi' 
on  I  he  \\  iiniipei;  river. 

i2i  The  (  iovernment  is  liesl  .iMe  lo  llioriul^;lil\  sttiiK  a  I'onipletc 
ri\  er  s\stein,  since  it  alone  is  in  .i  position  to  inip.irlially  anaKse  the 
coiillii  liii^;  interests  which  are   illeiied. 

1.1)  The  relati\i'  im])()rtance  and  merits  of  various  jwiwer  possiliiljties 
and  storage  projects  can  best  lie  determined  by  an  inijiartial  anthority, 
based  upon  indipcndetit  and  thorini^;hK-  tested  inhirination,  rather  than 
by  interested  individuals,  <ompanies,  or  municipalities. 

(4)  The  Crown,  from  first-hand  information,  is  in  a  position  to 
ensure  that  each  individual  power  site  is  develojied  to  its  niaxinuim 
effirien:y  and,  by  I'.c  superv  isioii  it  maintains  over  the  plans  and  designs 
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>N  ii.trt.n  .   ami, 

iri"  t'.iii.ili/.iliiiii, 

IK'  (11   1  criii'ii 

■  'III  iniiiv|Mir- 

M   'nrx  (  )j|     ihc 

i     »1I|H  I A  ivfil 

•  iviiii..  ."   ill 
\'>r    III.- 


of  till'  |il.iiil  .iiiil  I  ow«  r  <l.iiii  .mil  iivir  tin   ,u  In    I  nmsO 
III  <  iisiirr  tli.ii  iIiiihiiikIiIv  ^i.ililr  >ini(  tin.  s  .itc  Imili. 
1 5)  'riic  \\iiiiii|iin  rivtr  is  <l.i>»(i|  an  .i  ii.n  i^M 
a-,  tmh,  I'linoiilrraiiiiii  iinisi  \h-  >;iM'ii  tu  ji>  |Hiv,ili|. 
I'ris.iir  tnttrprixc  in  hyilri)  iln  iij<  nniii  rtakinns  is  i 
with  till-'  jvltasr,  ,Lii>l  whalixir  priiv  isinii  is  ni.iilc  fur  f 
talioii  l)\   iMiuiiiili  il   |pri\alr  iiiitialiM    is  at    litsi    n  ■ 
oilur   hand,   .i  <i>ni|ilrir   pnwir  ss,i,iii,   inc  iliic     lit 

lliruilnliullt      liy     ihr    t'lnwii.    i  .m    fiilU     inilsi.l.i     ll,        I 

llic  c.isr  1,1  ihc  \\  jinij|n  t   livir,  ilic   ] I    IimIs.  .i,i 

limirr  aiiliisimt  i.f  lo,  ks  in   ihc  puw.  r  I.imhiIs.  >.1..,„!,|   u,,    ,i,.,vs.ii\    (,,i 
I  iilislriK  lint;  llir  s.nilr  (Mr  ,iris   . 

ioi  A  |iri  ill  hriiiini  (I  li\  iln.  ili  ririi  pinMr  s,  |i.  ini'  .cvirin-  the 
cntir"  ri\ir.  .mil  iln  iilitii;  llir  pi.i7ils  nj  i  min  iilr.il  iuii,  .mil  .il-i  llir  h.  .iil- 
.m.l  l.iilw.il.r  ill  \,ilinns  ilnuiiKliiuil  the  whole  sysiirii.  i  ii.iM.s  iln-  S|.,i,- 
lu  li\  llir  |,,i.i(i,,ii  ,,iii|  ili\.iiii),isof  r.iilri.ail  .iiul  inillii  hriducs,  i>t  r,iilw,i>s 
.mil  ri..i'l-,  .iiiil  lo  i;iii(lc  ihr  ilcxilopiniiil  of  mimiiip.iiili,  s  „,  .is  nol  io 
inn  III  rr  wiih  the  fiiiiin-  niiii/.ninii  of  ihr  iiiii|.\,  |i,|„.|  |„,riiiiiis  of  the 
ri\i  r. 

i7i  '\'\\v  pn-Miii  ,mi|  liiiiiri' ilivcrsioii  i,|  w.n.r  s,i|i|.li  ■,  fi,r  ili,mi'sii,-, 
irriu.ilion.  .mil  ntlur  pinpi.sis,  can  !»•  prop.  rK  pioi,  .  ir,|  ami  .irr.mm'il 
lor.  oiiK   lliri)ii>;li  .mil  |i\-  homthiih  iil.il  siipirs  isi,ni. 

i.S.  |'ro\isioii  for  Ihc  ilr.iiii.iKi-  .mil  prolnijon  of  llio^'  laiuls  ,i|,„ii; 
Ihr  ri\.r  ujiuli  will  lir  .iffiitiil  l.y  rai-ia^  tin-  \\,ii,r  li\il.  ran.  in  tin- 
pnlilii-  iiitiri-is,  1„.  |„si  .irr.myi'il  for  l)\  ,m  .uillioriiy  .t;i\iiii;  lull  .mil 
iiiip.irti.il  consiilir.iiioii  of  .ill  issues  in\olMi|. 

(0)  In  p.itiiiliav  Dominion  l.iinls  .iiljoinini;  llir  ri\rr  li.inks.  (he 
(  rown  is  in.ililiil  to  resir\e  lor  w.iter-power  piirpu-rs  surli  s<rii..iis  ,is 
in.i\  lie  sul.seipienlly  reipiireil,  thus  keepinu  ijowu  llir  Ininrc  .  ost  i,f 
.iilii.il  ilexeli.pin  al.  l-'or  some  lime  past  the  ilep.irtiiienl  li.is  liem 
lollowii.;  this  .oaiM'  wilh  ,ill  homeste.iil  entries  aloii,.^  the  Wiimipi'i; 
riser. 

(10)  The  iniintious,  .mil  .U  times  coallietin;;,  iiileiisis  .ilTecI.J  li\ 
.stonim'  ill  such  n.itur.il  reser\oirs  .is  the  l..ike  of  tin-  \\ih„1,.  Kaiav  l.iki'. 
.mil   oth.-r   I, ikes    1,1    the   upper     Will'iipei;     h.isiu,   loinpil    the   inlerveillioa 

of  some  iinp.irii.i!  authority,  so  th. It  some  ei|uit.il>le  stor.u-  .irr.i,iKeiiieiit 
lii.iv  lie  iMiKcil  s.itisf.K-torx-  to  all  p.irties  .i,ii|  interests  coiiceriKil 
i'rix.ite  iiiMstii;.!  ion  o|-  <oatro|  li\  aiu  sinyle  interested  p.irly  selil'in 
sei  tires  ,1  salishutory  settlement  of  (|iiestioiis  of  this  n.itiire 

'11  !  Shice  the  t.iilw.iters  of  e.uli  plant  .is  ij.simieil  herein,  are 
(lepeiident  on.  .mil  controlled  hy,  tlie  he.iilw.iler  elev.ilioii  of  the  lil.iiit 
lielow,  and  since  cert.iin  sites  alotiK  the  river  can  he  so  ile\elopeil  and  so 
operated  as  to  entirely  cut  ofT  the  flow  from  jilants  lower  dowii  the  river. 
.1  .enlr.di/id  coiitro!  for  the  whole  river  in  the  inti  r^  ->s  ,.f  all  the  \-n,\wfir, 
and  ji.irties  concerned  must  form  an  essential  fe.iture  of  the  completed 
.scheme.  As  a  result  of  the  extensive  studies  just  coni|)leted,  such  a 
system  of  control  can  now  he  readily  instituted. 
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(12)  Water-power  is  perpetual  Inasnuirh  as  river  discharKe  is 
(oiitimioiis,  and  in  this  respcrt  (litTirs  from  power  derived  from  coal 
and  other  sources.  It  is  essential,  therefore,  that  its  utilization  should 
be  eoiiserxed  to  the  utmost  by  etticient  and  eonipleto  development,  in 
order  that  fiituri-  as  well  as  present  ])owir  re(|uirenients  of  the  public 
may  be  ser\ed  lo  the  inaxinnim  e.i|)aeity  of  the  ri\er. 

(l.<)  Water-power  is,  from  its  nature,  pecidiarly  susceptible  to  mono- 
polisti<-  control.  The  Winnipeg;  river  forms  the  natural  source  of  power 
for  the  city  of  Winnipeg  and  for  southern  M.mitoba.  Investiuation 
by  the  Dominion  Water  Power  Hranch  shows  that  water-jiower  from 
other  sources  in  this  section  is  limiied.  With  the  supi)ly  thus  limited, 
it  biconus  the  duty  of  the  Crown  to  see  that  the  perpetual  cheap  power 
which  nature  has  provide<l  is  kept  available  for  the  public  use,  at  rates 
not  dictated  by  "what  the  traffic  will  liear, "  but  determined  upon  a 
reasonable  compctiti\e  basis. 

(14)  Full  conservation  in  all  its  phases,  both  of  power  and  of  cajHtal, 
can  only  be  secured  ihrouKh  Crown  control,  dictated  from  the  most 
reliable  and  independent  data  obtainable. 


SrriAiioN  Li:.\in\(;  to  ("oMMiAniMiAi  of  Si'kvi;y. 

At  the  time  when  the  |)ower  aiid  storage  invesliKalions  alon^  the  Winni|)eg 
river  were  be.min  b\-  the  1  )omiiii:)n  Watir  Power  Branch,  the  Indro-electric 
plant  of  tlie  Winnipeg  I'.leclric  R.iilway  (■()mi)aiiy  was  iii  operaticm  on  the 
river,  and  the  initial  installation  of  the  municipal  pl.mt  of  tln'  City  of  Winnipeg 
was  rapidh-  aijprn.iclilng  comiiUtlon. 

The  Winnipeg  1-i.rtric  Railway  Company's  ])lant  is  located  on  the  Pinawa 
channel  of  the  Winnipeg  river,  abotit  .^8  miles  from  Winnipeg.  The  cimstruc- 
tion  of  this  plant  was  commenced  in  1'>112.  and  was  completed  in  1906,  with  a 
total  turbine  lapacity  ui  .U,(l()l)  h.-p.  A  22,IH)l»-liorsi  power  steam  turbine 
plant  in  the  cit\  ,  su|)plements  the  Pinawa  plant. 

In  order  to  meet  .i  growing  market  demand,  ((instruction  oi)erali()ns  on 
a  inunic'pally  owiud  |)ower  jilaiit  win-  ronnnenced  by  the  city  of  Winnipeg 
in  I'JO.S,  and  tlu'  first  installation  of  hve  .S,2U(»-horsei)ower  turbines  was  being 
l)laced  in  posititm  when  the  departmental  field  studies  were  commenced.  The 
power  otit[)Ut  of  both  the  c.)m|)any's  and  the  cit\  's  undertakings  is  transmitted 
to  Winnijieg  for  traction,  lighting,  industrial,  and  <lnmestic  tise. 

With  the  power  from  these  two  sites  eit  in .  ileveloped  or  in  cotirse  of  de\(lop- 
ment,  the  department  was  in  re(ei])t  of  numerous  applications  covering  other 
sites  along  the  river.  The  majority  of  these  were  in  the  nature  of  blanket 
applicatio,is  for  particul.ir  falls,  and  were  accompanied  by  no  engineering 
data  or  plans  of  proposed  dexeloinnent.  Others  were  siiiiported  by  exhaustive 
rep(jrts  and  islimates  i)ased  on  e.xtensi\e  field  work  from  reliable  engineering 
firms. 

It  w.is  realized  that  further  li>(iro  ekelric  de\elupinent  ori  the  river  was  a 
mattir  of  the  immediate  future,  and  that  if  a  comi)rehensive  policy  was  to  be 
mappetl   out  into  wliich  new  developments  could  be  incorporated  as  component 
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units  no  delay  should  be  permitted  in  ron,n,enn„K  the  denartnunlal  nouer 
|nvest,«at.ons.  Indepen.lent  schemes  before  the  departnu.nt Tre  ba  J  T  he 
induKlual  viewpoint,  an.l  conten.plated  developninn  of  certain  si  "vhh.n.t 

r^JS^z^z  rut -^rsr- ;^- ;:,:r "  ^ ""'  -^^  ^"^  ^-^ 

SCOI'K   OF   Tin;    lNVi:STir.ATIO\. 

The  .lepartmental  purpose  of  gniding  the  development  of  the  ri^•er  -»1,„k.  a 

d:HlSn.7;'"'"  7/"V'";"'^'  .u-sitated' securing  full  I^^I  S, 
aata  co\eri,ig  all  features  of  hydro-electric  studies. 

The  plan  of  campaign  laid  down  in^■olved:  — 

(1)  A  prelimiuary  reconnaissance  (,f  the  power  reach  of  the  river 
by  engineers  of  recog,n-.e,i  stan.ling.  with  a  view  to  mapping  out  a 
systematic  meth.xl  of  attack  by  the  field  parties. 

(2)  A  continuous  profil..  „f  the  power  read,  of  the  river,  on  which 
could  be  based  all  the  detail  surveys. 

(i)  Detailed  contour  sur^eys  with  soundings  of  all  falls  .,r  rapids 
at  which  power  concentration  was  i)ossible. 

n..,ch^\^!l"'"-"'  '"'^''-'  "^  '^'  "'"'■  ''•'^"'^^  throughout  the  entire  power 
rea(  li  ot   t  lie  river. 

(5)  Determination  of  the  locations  at  which  the  drop  of  the  ri^er 
could  best  be  centralized  and  .leveloped. 

(6)  Design  of  layouts  for  such  locations,  in  sufficient  detail  to  permit 
lairly  acurate  estimating.  ' 

(7)  l-:stimates  of  the  capital  cost  of  constructing  the  various  plants 
prop<3s..d,  i„  onler  to  compare  the  economic  feasibility  of  the  .lifferent 

'8.   1-stimates  of  the  annual  cost  of  operation  of  the  various  plants 

\\in.!He '■''""'"''  "^  *'"'  "'"''  "^  transmission   from  a   typical   site  to 

00)  l-:stablisliment  of  metering  stations  for  the  pt.rpose  of  obtaining 
.K,  urate  records  of  the  r.ver  flow,  and  the  thorough  studv  of  the  same 
together  with  all  im--existing  recor.ls. 

(11)  Kstablishmeiu  of  evaporation  stations. 

(12)  Stu.ly  of  existing  rainfall  and  tempcfature  reconis,  with  effect 
ot  same  on  run-off. 

(13)  Close  iinestigation  into  the  question  (,f  storage  in  the  upper 
waters  of  the  basm  m  all  its  aspects. 

04)  Investigation  into  an.l  study  of  prior  water  rights,  an.l  the 
relative  value  and  effect  of  the  same. 

(15)  Comprehensive  provisi.n,  for  future  navigati.m  should  the 
necessit\'  f.ir  it  ever  arise. 

86376—2 
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(!6)  C'losi-  study  f>f  existiiiK  powi-r  plants,  and  of  all  existing  interests 
on  tlu'  river. 

(17)  Study   of   presi-nt   and    future   power   market   con<litions   and 

pros|)ects. 

(18)  Recommendations  for  the  carrying  out  of  an  aggressive  policy 
of  hydro-electric  and  power  development,  and  of  ensuring  gr.vernment 
supervision  over  r-gulation.  both  in  connection  with  mdivi.lual  power 
platits,  and  of  the  storage  conditiims  as  a  whole. 

In  instituting  an  investigation  with  such  far-reaching  ends  in  %iew,  it  was 
essential  that  the  department  should  be  gui.le.l  by  expert  engmeenng  a<lv.ce 
an.l  opinion.     This  was  particularly  the  case  in  considerat  f  the  fact  that 

the  powers  of  the  \Vinni,.eg  were  of  such  magnitude  as  to  require  the  services 
of  engineers  and  engineering  firms  of  outstanding  reputation,  m  the  actua 
design  an.l  lavout  of  the  various  in<Upendent  plants.  If  the  conclusions  of 
the  department  were  to  be-made  the  basis  of  the  development  of  the  river,  it 
was  therefore  necessary  that  such  conclusions  should  be  backed  by  recognized 
and  reliable  engineering  authorities.  To  this  end  the  services  of  Mr.  J.  K. 
Freeman  C.E.,  of  Providence,  Rhode  Island,  were  secured  m  a  consulung 
capacitv'  to  assist  in  the  commencement  and  organization  of  the  f^eld  mvestiga- 
tions.  The  ser^•ices  of  Mr.  J.  B.  McRae,  C  K..  of  Ottawa,  were  likewise  secured 
in  this  comu-ction,  and  he  was  further  retained  to  act  as  consulting  engineer 
throughout  the  full  period  of  field  and  office  investigations. 

The  suggestions  and  advice  of  these  engineers  were  acted  upon  in  full,  and 
the  results  of  the  investigations  as  submitted  in  this  report  are  considered  as 
forming  a  reliable  basis  on  which  to  administer  the  water  powers  of  the  Winnipeg 
river.  The  .lirect  connecti.m  of  Mr.  Freeman  and  Mr.  McRae  with  the  work  is 
referred  to  in  more  detail  throughout  the  report. 

It  must  be  kept  in  view  that  the  layouts  designed  herein  are  mainly  for  the 
purpose  of  securing  a  fair  estimate  of  the  cost  of  developing  the  various  sites 
in  order  to  demonstrate  their  economic  feasibility.  It  is  not  intemle,  thrt  the 
designs  will  be  followed  withotit  alteration  by  the  parties  doing  the  actual 
development  work.  It  is  intended,  however,  that  the  general  head-  and  tail- 
water  elevations  shall  be  observe.l  as  now  si.bmitted,  with  such  m.xlifica  ions 
as  may  be  considere.l  advisable  from  the  further  detaile.l  investigations  and  the 
more  complete  run-off  and  surface  level  records  now  being  secured. 
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CHAPTKR  II. 
WINNIPEG  WATERSHED  AND  FfELD  INVESTIGATIONS. 

HisroKic.vi..' 

In  this  highly  utilitarian  aK.-  vrry  littk-  tlin„Kht  is  sivon  t..  romance,  and 
till'  ai)|)r..i)naii..n  ut  any  natural  risourc-  ...r  tlio  use  .,f  (•..ininiTc.-  is  usually  a 
matter  of  .lollars  and  cents,  interest  eharnes  and  depreeiation.  Th,.  tinander 
in  his  olhee  studies  the  re|>orts  and  plans  of  his  eiiKineers  with  no  ihouRht  of  the 
l..nK  imness  of  development  that  l.rouKht  this  or  that  srh.'ine  within  tla-  realms 
of  protitaltle  iinestment. 

The  Winnipeg  river  formed  the  last  link  in  the  chain  of  wat.Tways  con- 
necting the  vast  l.asin  and  trilnitaries  of  the  C.reat  Lakes  with  lake  Winnipeg, 
m  whicii  was  centralized  a  second  ^reat  system  of  canoe  routes.  In  early  and 
pioneeriiiK  da>  s  this  gave  to  the  \Vinnii)eg  river  an  excei)iionaI  importance  as 
an  aveiuie  of  travel,  trade  and  conmierce. 

Without  expending  much  time  on  this  aspect  .)f  hike  Winnipeg,  it  is  inter- 
'rstmg  to  note  that  by  the  Red  and  Mississippi  rivers  there  was  a  w.iv  to  the  gulf 
of  Mexico;  l.y  the  .Nelson  to  Hudson  hay;  by  (he  Saskatchewan  to  'the  Rockies 
and  t!u  Mce  by  the  Colombia  river  to  the  Pacific;  by  wav  of  Cumberlan.l  Ho.isc 
...ui  up  the  Churchill  riNcr  to  the  flearwater  and  Ath.ibaska  waterways,  jiiving 
access  on  one  hand  to  the  Arctic  ocean  l.y  way  of  the  .MacKen/ie,  and  on  the 
other,  to  the  Fraser  by  wa>  of  the  Peace  and  Parsm"])  rivers. 

In  the  early  da>s,  the  Hudscm's  Hay  Company  operated  from  Hudson  bay; 
many  of  the  routes  in  the  Northwest  were  known  to  them,  and  ihtir  traders 
and  trappers  soon  readied  lake  Winnipeg  by  way  of  the  .\elson. 

The  Winnipeg  river,  on  the  (jiher  hand,  was  first  tliscovered  b\-  tin-  French 
penetrating  from  Montreal.  We  see  I.e  Caron  .md  Champlain  in  U.l.S,  Ktienne 
Brule  in  1622,  .Nio.iet  in  16.U,  and  Jo(|ues  in  1641  pushing  uestwar.l  from 
Montreal  to  hike  Huron.  C.radually  the  traders  of  .Now  Fr.mce  (the  French 
Company)  and  thdr  legitimate  successors,  the  .Northwest  Conipanv,  pushed 
around  the  north  shore  of  lake  Superior.  Menard  and  K.i,|iss,jn  in  I6.^'l,  Allouez 
in  166.S,  and  Du  Lhut  in  1678.  Jaaiues  de  Xoyon  readied  Rainv  lake  in  1688, 
and  m  1689  descended  ;..  the  Lake  of  the  Woods  and  iiere  heard  fabulous  stories 
from  the  Indians  concerning  a  great  sea,  probably  referring  to  lake  Winnipeg. 

There  seems  to  have  been  a  lull  here,  and  wc  ha\e  no  record  of  progress, 
until  1731,  when  the  Sieur  dc  la  V'erendrye  was  stationed  at  Kaniinistikwia  and 
began  his  long  serit  ,  of  western  exploration,  aiiparentlv  redisco\eriiig  Rainy 
lake  and  the  Lake  of  the  Woods.  He  also  led  the  way  into  lake  Winnipeg  by 
the  river  of  the  same  name,  which  river  became  and  remained  the  highwav  for 
the  fur  trade  lor  upwards  of  100  years. 

of    ■  .n?,la   [.hi,  lw,^n7,t„     J       ."  "^^  '■■"  "'*'  ™,'""l'""-<l  papers  published  in  the  Proceedii.as  c.f  the  Roy.il  Society 
oi  i,andUa,  whlth  condm  interesting  notes  on  early  travel  in  the  West.  w,.,i  ouiicij 
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Now  and  again  wo  turn  up  old  l)<K)ks  of  travel  and  ri-ad  of  snmi'  wi-ll-known 
explorer  who  jounu-yed  by  this  routf.  Sir  John  Franklin,  in  May  an<l  Juiu', 
1825,  passed  tlown  the  Winnipeg  rivir  en  route  for  tlu-  Arctic,  his  second  (»vir- 
land  journey;  returning  s.ifely  lu-  |).issed  up  the  river  in  July,  1S27.  Karlier 
than  this,  in  Sir  AlexandiT  M.icKenzie's  account  of  his  voyages  in  the  years 
1789  and  179,?,  we  rcul  .i  <let,ule(l  desirii)lion  of  the  river. 


Route  lit  Rill  River  ICxpidition. 


Probably  the  most  interesting  historical  incident  in  connection  with  the 
VVninipeg  river  was  the  i)assage  in  1870  of  "The  Red  River  P^xiH'dition"  under 
the  late  Lord  \Volsele\  en  route  to  the  sup])ressioii  of  the  ill-fateil  Riel  rebellion. 
The  problems  connected  with  the  transi)ort  of  a  completely  e(iuipi)ed  military 
expedition  by  canoe  and  boat  over  some  five  hundred  miles  of  river  and  lake, 
with  innumerable  portages,  can  oi.ly  be  faintly  realized  even  by  those  who  have 
been  fortunate  enough  to  tra\el  the  same  route  under  more  advantageous 
conditions.  The  force  under  ("oloni'l  Wolseley,  as  he  was  then,  consisted  of 
detachments  of  the  Royal  Artillery,  Royal  Engineers,  Army  Service  Corj):, 
and  Army  Hospital  Oirps,  togi'ther  with  26  officers  and  351  non-commissioned 
officers  and  men  of  the  6()th  Rifles,  all  of  the  Hritish  Regular  .\rmy.  There  were 
also  28  oftkers  and  .^50  men  each  of  the  1st  or  Ontario  Battalion  and  2nd  or 
Quebec  Battalion  of  the  Canadian  Militia,  a  total  of  1,21,5  men  of  all  ranks. 

The  force  assembled  for  the  boat  journey  at  Prince  Arthur  Landing,  in 
Thunder  bay,  lake  Superior,  where  one  company  of  the  (Juebec  Battalion 
remained  to  protect  the  depot  from  possible  Fenian  attack.  The  remainder 
of  the  force,  with  150  boats,  M  feet  in  length  and  6-foot  beam,  a  light  gig  and 
three  large  bark  c:moes  pushed  forward  towards  Fort  Frances,  luich  boat 
carried  about  3,'-"0  pounds  of  store=,  besides  nine  or  ten  smUHits  and  three 
Iroquois  and  voyageurs,  with  their  canni  etiuipment. 

From  F'ort  F"rances  a  start  was  made  on  or  about  the  8th  August,  1870, 
this  part  of  the  expeditionary  force  consisting  of  all  the  regulars,  with  fifty 
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lK.ats.  Tlu-  passaKf  ,|,.wn  .!„■  R  ,iny  riN.T.  across  tlu^  I.ako  „f  tin-  \V,k,.|s  and 
clown  th.;  \\,nn,p.K'  was  M>,r.>sfnlly  „,a.l..  an.l  with  n^narkaM.  s,k....I.  the 
for..-  arnvniK  at  Fort  Al.xan.l.r  on  Au«us,  2...  .n.l  pr,Hv..,Iin«  am,,,  lake 
V\innip.K  on  thf  21st.  ** 

kitl  havinK  flo.1,  tlu.  nK.ilars  start..!  I.a.k  l.y  th..  san,.-  route  on  Af^nst  29 
with  the  c.m.,,tion  ol  ..ne  r.,n,pany  of  th..  With  Kiths,  whi.h  went  a.ross  co.nUry 
to  the  Northwest  Annl..  of  the  l.ak.-  of  the  \V.,.„|s 

I  ientenant  Ri.l,l..||,  of  ,he  f.Oth  RilKs.  an.l  Captain  llnvsh..,  of  WoK.-ley's 
Maf^,  hav..  left  n,t..res.inK  a.ronnls  ..f  th,.  can.pai^n,  referring'  at  s..nu.  length 
to  th,.  iH-anttes,  ex.,t.„.ent,  an.l  .lan^.Ts  of  ,he  trip  .lown  ,h..  \Vlnnip,.K  rW.r 
enahhnK  oi.e  to  p.elt.r..  to  some  .M.ut  th,.  ,li(li.„|,i,.s  sn.v.ssfuliv  oven-on,,.     ' 

Since  the  a-lvnt  of  the  railroa.l,  the  Winnipeg  river  has  falKn  Iron,  its 
former  greatness  as  a  ronte  of  travel,  tlu.UKh  pl,.asar..  h.Mts  fn.n,  K,„..ra  ply 
re^nlarly  .hmn,.  .!,.•  snnnn.r  past  Minaki  on  the  National  TranM„Mtin,„,al 
ra,  way  to  the  lu.a.l  of  Whi...  i  ,„,  f,,,,.  -phe  riv.r  still  fonns  the  local  nu.iiun. 
of  trav.l  ,,r  th,.  hunt.r  an.l  th..  lish.rman,  an.l  f..r  the  In.lian  and  th.-  s..ttler 
while  the  hy.lro-electri.-  activity  which  has  .le^  el.,pe.l  in  recent  vears  has  nu.Ie  it  a 
highway  f..r(,el,l  parties  an.l  ennineers.  The  ol.l  In.lian  IcK.n.ls  are  still  toM 
to  the  traN-eller-  how  Slave  falls  is  nan,...l  after  the  slaNc  who.  tinabl,-  to  further 
sul.nnt  t.>  the  cruelt>-  of  her  master,  steppe.l  into  a  canoe  an.l  (l.,at,..l  gently 
over  the  cataract,  an.l  h.,w  in  the  .lays  of  In.lian  tribal  warfar,..  th..  islan.ls 
were  l,y  mutual  aj.reement  made  san.tuaries  where  the  s(,uaws  and  non- 
combatants  might  remain   tiinnolested. 
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Gi.M  KAt,  I)i;scKiKrK)\  oy  Basin  am>  Rivkr. 

The  basin  ..f  th,.  Winnipeg  riv.r  (  Plate  ,?)  forms  a  porti.,n  of  th..  great  Nelson 
River  draniag,.  sysi..n..  The  Winnii)..^  river  fr.nn  the  east,  the  R.d  river  from 
the  s..uth,  an.l  th..  Saskatclu.wan  riv.r  from  the  w.st,  unit-  th.ir  wat.rs  in  a  great 
c.>ntral  reserx.,.r,  lake  \Vi,)nip,.K,  whi.h  in  tun.  .lischarges  the  .-..mbini-.l  run-off 
into  the  Nelson  nv.r,  an.l  llun.e  inl,.  Hu.ison  M.n-.  The  Winnipeg  River 
bas.n,  ,isell  .rvMM)  s,,uare  miUs  in  ar,.a,  li.s  larg,.ly  in  the  westerlv  portion  of 
rsew  Untan.,,  wlnle  what  is  r..f<rre<l  t.>  in  this  rep,.rt  as  tli..  pow,  r  r.-a.-h  of 
the  river,  i.e.,  th.-  r.ach  bel.nv  the  jundion  .,f  ih..  Iv.iglisli  river,  li.-s  almost 
entirely  withm  ll...  pr.n  ince  of  Manitoba.  Th,-  b.isin  is  int,.rnai;o7.al  as  well  as 
inl.Ti.rovinciaI;  11,(1(10  square  miles  Iving  in  the  st.ite  ..f  Miniu.oi.r  4  600 
square  inil.s  in  Manitoba;  an.l  37,900  s<|iiare  mil.s  in  Ont.irio.  The  ui)per 
waters  are  almost  ,.,|u,,lly  .livi.le.l  between  tw,.  .Irain.  -,.  ^vsienis,  wiiich  Dgetlier 
make  up  pra.lically  t!u-  entire  basin  oiitsi.le  of  the  pr.nin.e  ..f  Maniiobi  The 
s<nithern  p.,rti..n  .,f  ih,.  run-..(T  is  collecte.l  by  the  Rainv  river,  whi.h  in  n-ality 
IS  the  continuation  of  the  Winnipeg  above  the  Lake  of  the  Wo.«ls,  whil,.  the 
northern  portion  is  carrie.l  \,y  the  Knglish  river.  Tlu-  two  branch,.s  unite  at  a 
•  amt  about  4  nnles  east  of  the  Manitoba-Ontario  boimd.iry. 

The  enliie  watersh,.,]  is  ^•ery  sparsely  populated,  and  a  large  proiiortion 
oilers  httle  opp.,rtunit\-  f,.r  agricultural  settlement.  Those  p..rti„ns  best 
adapted  for  such  use  arc  the  .s.-rti.ms  lying  in  southern  Manitoba,  in  Minnesota, 
and  extending  inl  ,nd  on  the  Canadian  side  from  the  Rainv  river.     The  balance 
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of  th.'  Ii.isin  (■(»ii>i>-l>  tor  the  must  ji.irt  of  a  forest -roviTi'il  I.atirciui.in  formation, 
with  mtuh  Ki'aiiitt-  oiit<ro|i|)ii)K,  aixl  is  iiitt'rs|H'rM'«l  with  lakes  aii<l  muHki-KS 
and  uM.isional  strt'lrlu's  <»f  a^rii'Mllnral  l.ind.  Tlic  forest  cover  is  (-om|>osei| 
larm'ly  of  spnici',  jKiplar,  jaek  pine,  .in<l  o,ik,  a  <  onsiiler.ilile  portion  of  whieh 
is  too  small  to  possess  ;iny  ureal  tinilwr  \.il\ie.  In  th»'  sluitered  v.illeys  .ind 
unllies  the  tiinlier  is  better  ile\ilo|H'(l  .mil  is  of  ^jriat  eonuneni.tl  \.ilne.  The 
sni.iller  tinii)er  niaki -^  exiellent   inilpwoiMJ  m.tteri.il. 

The  ureat  extent  of  tht-  foresi  ••over  exenises  a  most  lieni'liei.il  inllnenee 
on  the  rnn-off  from  tiie  basin.  It  is  to  tiie  intt'rests  of  the  eonser\.ition  tiot 
only  of  tin-  timlur  resonrces,  Imt  also  of  the  (Miwer  rescnirees  as  lU'iH-ndent  oti 
the  remil.irit\  ol  the  nnidlf,  th.it  etlii  ient  me.isuns  lie  t.iken  tow.inls  the  pn-ser- 
xatidii  of  tile  forest  <  o\er  from  w.inton  .mil  waslelnl  timiier  enltiny,  .md  tovv.irds 
tlu'  reforeNi.ition  of  demided  .ireas.  I.arjje  seitions  of  the  l)asin  are  suited  only 
to  forest  ^;to\Mli,  and  .1  (■ousi>i(iii  poliey  of  reforestation  will  not  o.ily  directly 
repa>'  ni.i\'  linus  o\er  the  or^. mi/, it  ion  .md  adminislr.ttive  eharnes,  luit  will 
,dso  |)ro\i'  .m  in\alualile  and  direct  ai<l  to  the  preservati<ni  of  the  water-|Miwer 
ri'soiirces  of  the  liasiu.  It  is  to  the  best  inttrests  of  the  entire  district  that  the 
w.itershed  area  shotdd  bi'  criated  a  forest  reser\'e,  an<l  so  adininisicri'd. 

TiiroiiKhout  the  entire  central,  northern,  and  western  portion  of  the  b,isin 
till'  granite  form.ilion  is  almost  contiiniously  in  e\idi'nce  in  tlie  form  of  ridges, 
mounds,  ililTs,  an<l  unllies,  showing'  in  all  din'Ctions,  traces  of  glacial  striation.' 
As  is  cii.ir.icteri-tic  of  this  formation,  the  i.ilire  region  is  seamed  .md  dotted 
with  Likes  of  every  size,  from  mere  ponds  li,  the  I'Xp.nisise  spn-.id  of  the  L.ike 
of  the  \\'cMid>.  The  lakes  ,iic  like\\i--c  doited  with  onlcroppinn  granite  islands 
and  islets,  tin-  L.ike  of  the  Woods  beinn  sometitn'>,  for  this  reason,  referred 
to  as  the  l..iki'  of  Ttii  Tlions.md  Islands,  in  contra-di>tinclion  to  tlii'  Lake  of  a 
Thonsand  IsLinds  on  the  St.  Lawrence. 

Joining  tlii'  lakes  are  innunier.ible  streams  and  rivers,  of  --i/e  tIeiK'iidinK  on 
their  re>pi-ciive  c.itchimnt  basins,  and  for  the  most  jiart  m.ide  ii])  of  deep  poncis 
and  lake-like  expanses  iniersperscd  with  r.ipiiN  .md  f.ilU  tiimblinij  over  the 
naliir.il  ^r.iniii-.  It  is  to  these  conditions  both  of  l.ike  .md  forest  th.it  the  W'inni- 
jM.'^  ri\er  owes  its  .ilmost  ime<iiialled  n.itur.il  ri'unlation,  its  norm.il  >e.irl\-  flood 
seldom  exciadin^;  iliree  or  fonr  times  its  mininuim. 

In  the  more  hvel  sections  .ilon^  the  Uainy  ri\er,  .md  in  Manitob.i,  and  to 
the  south  .md  west  of  the  Lake  of  the  Woods,  the  existing;  alluvial  conditions 
are  not  f,i\i>nr.ible  to  Like  formation,  and  the  innunier.ible  nservoirs,  so  much 
in  e\  idem f  elsewhere,  are  almost  non-existent.  The  countr>'  is  tln-refore  more 
adapted  for  settlement. 

'I'he  b.isjn  is  now  traversed  by  the  three  transcontinental  lines  of  raihva\  , 
the  Cmadi.in  I'acilic,  the  National  Transcontinental,  and  the  ("anadi.ui  .Northern. 
Thc-e  rouli-s,  lUnninf;  throu^'h  the  heart  of  the  region,  are  ra])idly  makin;^  its 
resriurces  ,.-.  .lilable,  .md  are  jiromoting  its  settlement  wherever  conditions  are 
fav  )ur;i'ili  .  .\nion^'  tiie  more  im]X)rtanl  towns  are  Kenora  and  Fort  Frances, 
in  Cm.ti.',  and  Intern, itional  L.iiis  and  Warroad  in  the  I'nili-d  States. 

1  n<  more  import. mt  ii.itnral  resiTvoirs  in  the  southern  ])ortion  of  the 
basin  are  Likes  Kainy  and  Xamakan,  of  .^.^0  and  100  stpiare  miles  area,  resjwjc- 

'  I'or  .i  d<'t.iiI'-.-I  'lesrription  of  the  K'-'>In«iciil  cluiractcristics  of  tfip  basin,  sec  Appcnilix  lit  hy  Mr.  ClurlM  Canwell, 
B.Sc.,  I'h.L)..  of  thf  tict)IuKical  Sunx'y  of  (  anada. 
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"■".«,>.,  Rnrr  I'.n.rr  and  .Slnra.e  Investigations.  jl 

l">.Tn,uio„al   Kails      \       '       ,    ,        '""■'">  "'  ""'  •"^^"■'  "f  »'-"r.  I'Va,,....  an.l 
W..W    Fort    Fra.uv.   is   navi.    .1^      /f ,"      ^    ^^ '.'''"r'f  "•'''•'■^''"'-      ''''-  riv.r 

as  s,a,..,l  aI,ov..  is  .   .  ,,!         ,         '2;'   7    1""""'  "■"•"^— '     '-"rfa.-.. 
ll'f  ras.on,  an,!  th..  urs„.r„    ,h.    .   "  '■''^'"  "-•l'ar>;.>  through,  wo  hran.iu.s. 

square.  „,ik.s  i„  surCa  "n,  n         •  ''''^''  "^  "'^'  ^^■""''^  '^  '•^<«' 

an<l  lak.  \\i„„i,H.g  ,o„  „,il,s  l,,.!;,;'   ""  '^'-^""*  ''^""  ''*^^'^^—  "'e  lake  level 

Kcvu,.i„.  are  two  a.ldi,io„a!  outlets       iVh,;.^^^^^      '",  ''^'  ^T'  "'  "'^"  '"""  "^ 
throujjl,  the  rock  ri.iKH-  separating    he      L  '''"'  '"'  ^'"'''•'  ''"n-^^^^^s 

at  .he  outlets  of  the  Lke  Is  t^t.;  M^t  ^ 'rnT^  '^'"^  '      '"^  ^""^"'"" 

ciirecl;;:: ':^;;;;;,:;;;:^;;;;;;- ^y';;£- ^  ^^'-'■^•^  --  ".-s  nrst  i„  a  northerly 

or   less   turhuuiu.        '^  1^1.:;::^  ^i         ""'""  """^  ""'  ^-'"^  "^  «-^^- 
c.tire  reach  of  the  rive/to  lak     \ Vi    ,  T^ '""   "•"""""^•^   t'-ou^hout   the 

l'a^■.•n,.  in  fact.  oriKinalK     e  n    h"'    .r''^"  '"""'■^  ='^^'  "^"''">-  ^->-  <'-!'. 

the -IraitK^e  of  the  ..asi„  al.ove  iouu^ti^Z^^^;^  u'"'"'  ''""r"  "'""'^ 
discharge  from  these  l.asi„s  i  .k^.s  nl  .■•..  '"'^'"^'.'^  'ake  UinnipeK.     As  a  rule, 

elexation  .Irops  I.elow  ,1...  g,.  u.      1     ,,    "  •^'•- f  ^'"."^'  ^"'s-  at  points  where  the 

-''tain  throughout  the  ieng  h ^  '  .  !  r  'er  "Kvi;.T"'  '""  'f  """  "'"''^  ^^'^'^'^ 
submerged  ridges  can  he  rtuliK  ,.^l  "  ^  T^  T  '"  "'^-  ^'^i'^'^'"'-^'  «^  'hese 
falls  where  detailed  sou:.H  :^'  .  ^  :t::  :;;:f  •"!^'>-.^'--"  ^"  ^"  ^^'-'^  «"d 
<n  evidence  on  |,„th  rixer  Innks    t  .      ..  .  f '""''  ""'""•'  '^  invariably 

in  the  inter^.ening  river-bed  toucr^^'"'"''  "'         "  '  ™'''  '"""'''''^  ^'^ 

the  rock  is  of  the   most  native   '  "''"  f^'^'"^'  ■^'?-'^  and  ridges.     la  alt  cases, 

mass,^e  character,  showing  small  signs  of  wear  or  di,' 
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intrKration  i\»'n  wlurt"  fX|MM>(>(i  to  tin-  most  (uriiulent  currcnl  or  tn  tin-  most 
soviTi-  ire  anion. 

Thfsi'  Mil>nuTU'"'l  ri«lKi's  at  the  critical  jK)ints  alonn  the  rivi-r,  comhincil 
with  ihf  (li'tp  |Hniils  which  are  alroady  in  existence  inunedialely  aUixe,  which 
ix»n<|s  are  <h-eiH'netl  and  In'ttered  l>y  the  CDnstructioii  of  |Kiwer  dams,  supply 
unequalled  i-ites  for  the  ileve'opnient  of  jMJwer. 

About  11  miles  l>elow  Kenora  the  river  enters  a  somewhtt  narr«>w  channel 
of  r.ither  rapid  current,  known  as  the  Dalles.  Leaving  this,  ojicn  ex|)ansi's  will- 
little  or  no  t  iirri-nt  are  the  rule  until  the  crossing  of  the  .National  Franscontinenlal 
railway  at  Minaki  is  reached.  From  Kenora  to  this  jM>int  the  river  is  naviKahle 
by  steamer.  Minaki  has  become  recoKni/ed  as  a  sunimor  resort  li\'  the  lu-ople 
of  WinniiM'K,  as  it  is  the  tentre  of  a  iN-auttful  lake  atid  island  region,  and  has 
giKxl  rail  connection  with  the  city. 

Fifteen  miles  Ih-Iow  this,  the  river  discharges  through  the  White  Dog 
rapids.  In  tlusv-  rapids  there  is  a  total  drop  of  4,S  feet,  (Mcurring  in  several 
abrupt  pitches,  with  <|tiieter  water  intervening.  These  form  an  e.xcellent  jHiwer 
prosfH-ct  but,  as  they  lie  within  the  province  of  Ontario,  do  not  come  within 
the  jurisdiction  of  the  Dominiim  Water  Power  Branch,  anil  hence  arc  not 
treated  in  the  jiower  studies  covered  in  this  report. 

The  Knglish  river  joins  the  Winnijx-g  at  a  iniint  .SO  niili's  beh.w  Kenora. 
It  is  a  river  vi-ry  similar  to  the  \\'inni|H'g  at  this  |ioint,  draining  21, 6(H)  stpjare 
miles  of  basin  as  against  27,,S(M)  sipiare  miles  by  the  Witiniin-g.  The  principal 
reservoir  in  the  up|H'r  reai  hes  of  the  Knglish  river  is  Lac  Seul,  .?4l»  sijuare  miles 
in  area.  There  are,  however,  innumerable  other  lakes  of  sizes  up  to  94  scjuare 
miles,  scattere<l  over  the  region  in  all  directions.  The  waters  of  these  two  great 
branches  combine  within  4  miles  of  the  boundary  between  Ontario  and  Manitoba. 
Before  reaching  the  interprovincial  boundary,  what  is  known  as  the  First  fall 
is  passed.    The  dn)p  here  is  4  feet. 

From  the  eastern  lK)jndary  of  Manitoba,  the  Wiiinii)eg  river  flows  in  a 
generally  nnrthwt>stcrly  direction  towards  lake  WinniiH'g.  Its  general  character- 
istics c(jntiiuie  as  already  described,  and  since  th'.-  individual  falls  and  rapids 
are  treated  at  length  in  connection  with  the  powe;  concentrations,  it  is  unneces- 
sjvry  to  do  more  than  refi-r  to  them  here.  Only  a  few  of  the  main  feature.^ 
will  be  dealt  with. 

After  crossing  the  interprovin<  i.d  lM)undary  there  is  but  one  distinct  «lrop 
lx;fore  the  municip.il  plant  of  the  city  of  Winnipeg  is  reached.  This  slight 
pitch  of  about  one  and  a  half  feet  is  all  that  is  left  of  Lamprey  falls,  the  former 
l6-fo<)t  natural  drop  \vhi(  h  has  iM'cn  floiKle*!  out  by  the  coiistructi<in  of  the  city 
plant.  This  devel.ipnieiii  incorporates  Lamprey  falls,  i  mttier  with  the  I'jiiit 
du  Bois  fall; ,  making  i.i  all  a  4.S-f<K)t  normal  working  head. 

Below  the  city  plant  come  the  Eight  Foot  and  Slave  falls,  of  7  an  1  lO-foot 
drop  respectively.  .\\  the  latter  of  thes*-,  \yi  miles  bilow  Point  du  Bois,  the 
first  power  concentration  of  26-foot  head  is  projMjsed. 

Sixteen  miles  below  Slave  falls  the  river  is  Ijroken  into  two  channels,  the 
left  carrjing  the  main  flow  through  what  is  known  as  the  Seven  Sisters  reach, 
and  on  which  two  of  the  proposed  power  sites  arc  located;    and  the  right  or 
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Pinuwa  chnnnt'l.  curryiiiK  a  «iftiru'nt  flow  to  |>r(>,Hrly  «>fHTatc  th..  hydro-tkrtric 
plant  of  the  WinniiKu  Kh-ctrir  Railway  Companv.  Tin-  lalt.r  .lianml.  2\ 
nulls  in  UiiKth.  wan  fornu-rly  a  hiKh  watcT  by  pas>  „f  tl„.  ,„,in  riv.r.  It  has 
U-en  viTy  ronhidirahly  straightenwi  and  diiinntd  in  tlu'  up|Kr  na<  lu-s.  while 
(liNersion  weirs  ha\e  Ucn  placwl  atn^s  the  main  and  se«.,ndarv  .hantuls,  with 
the  res.di  that  a  How  of  from  7.<KK)  to  12,0(H)  s.ro.ul-fitt  is  diverle.1  for  the 
oinration  of  the  |H»wer  station.  A  power  cinumtration  is  pro|>oMMl  on  this 
ihannel  alxAc  the  present  |)ower  station. 

The  main  ami  I'inawa  channels  unite  in  l.ae  du  Bonnet,  a  iMKJy  of  water 
•U  wpiare  miles  in  area.  From  Lac  du  Bonnet,  the  river  dis.  har^es  oNer  the 
First  M<  .Xrthur  falls,  followed  a  short  <listanre  I.elow  hy  the  Mcnd  drop  of  the 
siim»-  nanu-.  At  the  latter  jxjint  is  placed  (he  fifth  concentration,  with  a  pro|)o>ed 
head  of  1«  feet,  partially  sirured  hy  ralsiug  the  level  of  Lac  du  Bonnet.  Below 
the  M.Artiuir  falls  the  river's  How  is  cpiiet,  with  a  just  appreci.ihle  <urrent  in 
places,  untd  (he  C.rand  du  Bonnet  falls  are  n-ached.  Here  a  total  drop  of  .<5 
feel  takes  pl.ue  in  four  distinct  pitchi-s,  and  is  followetl  a  short  distance  U-low 
by  the  Little  du  Bonnet  drop  of  »  feet.  At  this  (x.lnt  has  Inen  placed  the  sixth 
concentration,  with  an  ultimate  proposetl  hea.l  of  56  feet,  to  lie  partly  secured 
by  blastinj;  away  the  rid^e  forming  the  Whitemuil  falls. 


I'ine  Falls,  Main  Drop. 

After  leaving  the  Du  Bonnet  falls,  the  river  resumes  its  characteristic 
course,  abrupt  drops  taking  place  at  Whitemud  and  SiK  er  falls.  The  latter  are 
the  most  spectacular  falls  on  the  Winnipeg  river,  owing  to  the  comparative 
concentrat.on  of  the  21 -foot  drop.  Below  the  Silver  falls  the  river  flows  without 
disturbance  to  the  Masqua  rapids,  where  there  is  a  total  drop  of  5  feet.  Passing 
the  Mascjua  rapids,  quiet  water  prevails  until  che  Pine  falls,  forming  the  last 
pitch  before  reaching  Lake  Winnipeg  level,  are  reached.     At  Pine  falls  the  sexenth 
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rotirctilraliuii  is  pi,  ,|„,-...,|  wjp,  a  I,  ■,„!  ,.f  ,i7  f,.,.,  u,.|,,^^  |.,,„.  f  j|,  ,,,,.  ^j^^.^ 
Ki.i<liiall\  l.road.  iisnit  .mil  nil  is  I  ,  ,vitm-  I..iv.  an  ca-trni  .irm  ..I  lake  \Viimi|>.'K. 
With  (he  «\<t|.li..M  -I  iha!  s,(  ;i,,ii  (if  the  tmr  l«  l.iw  SiK,  r  lalN.  M-lll.-iiunl 
aloDK  Ihf  riMT  l.ank->  i^  imt  as  vi  l  far  .Mlvaiii.tl.  U-lim  ^il\fr  fall-.,  iji,.  rivir 
kmkH  lia\.'  U-.n  .lrai..|  ...i.l  .uliuai.d.  ||,is  .,  iiparaliM"  fntilom  from 
m-ultiiuut  is  ail  ..iHsiaii-liiiK  aiKanlawf  ill  ma|.|iiiin  ,nit  a  K«u.ral  s.  h,  in.'  ..f 
li>ilr>i-tl»rlri(  ilt'Ml.i|>nu  nl. 


PkII  IMIN  AKY    Kl  I  DNN.MssAM  K. 

In  .['Ml.-  of  I'M  J,  initial  st»|)s  w.r.  tak.ii  I.K.kiiiK  In  tlir  .oniiiuii.  .nunt  of 
a(  livi'  lui.l  iiivoti^alioiis.  As  alr»a(l\  statol,  the  wi^itts  ..f  Mr.  j.  U  M<  Ua»-. 
(  .!•..,  of  Ottawa,  wtrc  sr.  iiri.l  in  thr  capacity  of  roiisiiltinK  nit-inmr,  to  act 
throughout  th.-  ii\cMinalion,  while  the  rvicis  of  Mr,  j  1<  Frcnnati.  (  (•,  ,  of 
!'rovi«liiic.-.  K.I..  were  innand  to  advisi-.  in  conipanv  with  Mr.  M.  Kac,  on  the 
orvani/ation  and  m.,|H'  of  tin-  siirvi-y.  Mr.  I).  I..  McLean,  H.Sc  .  of  Ottawa, 
was  iiiKancd  as  litf  cnKim-iT  in  charnc  of  the  fit-I  I  iuMstiKatioiw.  ,in.|  a  pre- 
liniinar\   lield  m,,ii  was  ornani^ol 

Tiie  main  8ur\e\  work  was  (.reci-Kled  by  u  reconnaissance  trip  in  i.le  hy  the 
consultinK  and  «!epartnKnta'.  eiiKineers  down  the  VVinni(>e),{  river  from  Kcnora  to 
lake  WinnijH-K.  with  a  view  to  seciirins  a  i omprehensive  ^rasp  ,,!  the  entire 
IM.wer  reach,  and  of  laying'  out  the  K-neral  plan  of  attack.  In  the  m.antiine, 
Mr.  Mel  ean  prcnee-led  to  the  uround  and  place*!  a  levellitiK  party  in  the  fiehl 
for  the  puriM)s<  of  otal.lishinK  the  essential  base  profile  to  which  the  further 
stirvey  work  could  l)e  tied  in.  The  levelliiiK  party,  under  Mr.  A.  M.  Heale, 
romnieiiced  operation,  on  June  21,  U)H.  starting  fr.mi  a  Cana.liaii  I'acitu' 
Kailvvay  bench-mark  near  the  WinnipcK  City  bridge  at  Lac  du  Hoiinet.  This 
datum,  based  on  mean  sea-level,  was  used  throughout.' 

Leaving  Lac  du  Honnet,  the  levelling  party  carried  the  pmlih.  down  to  Fort 
Alexander  at  the  nioulh  of  the  river,  reaching  the  settlement  on  July  1«.  Hijih- 
water  marks,  which  ire  most  distinctly  ims .rvecl  cm  tin-  nnk  formation,  were 
tied  in  at  freciuent  intervals.  The  party  returned  to  Lac  du  Homiet  on  the  -'iiid, 
and  continue.l  the  profile  up  the  ri\ei  by  way  of  the  SeNeii  Sisters  reach  arriving 
at  Kenora  on  Se|)teinber  20,  .liter  an  uninterrupted  trip.  Here  the  levels  were 
tied  in  to  the  (  anadi.m  I'.icihc  Railway  iHwh-marks.  and  a  most  s.itisfactory 
check  obtained. 

In  rimniiiK  the  line  up  llu  ri\er.  .i  diversion  was  made  .it  the  hea<l  of  the 
I'inawa  iliaiin.  I.  .in<|  the  le\els  were  c.irried  down  the  same  to  the  Winnipeg 
Klectric  Railway  I'l.iut.  IVom  this  |M)int.  a  pre-exist  iiii;  line  of  levels  w.is  utilized 
to  the  exit  of  the  ch.ianel  into  L.i<-  du  Honnet,  .in<l  by  water  transfer  carried 
across  the  lake  to  the  h'-ad  of  the  First  McArthur  f.ills.  a  check  on  the  closed 
circuit  of  O.LS  feet  tx-invr  o!)tained. 

l)ue  to  the  pre\;ilence  of  exposed  uranile  aloiiK  the  entire  river,  it  was 
{v-.r^s!!)le  lu  e>it.d>lish  bench-marks  of  ilie  mosi  penii.ineiit  descriptitm.  Ntandard 
bench-marks  were  Kn-ated  on  suitably  exjiosed  granite  knolls,  these  Ixing  as  a 

r„.Je?i"l5l";';".  D.TuTn^""'''^  '''"'""  ''  """'''  '"  '■"  ""■^"  *'  "''-^  ^"  ^■'•«  Vork.  i .-.  th,-  r,„„.,l  St.ae,  .;.a,t  and 
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ruk'  ill  (.■vidi-nci-  at  all  vital  points.  Tin-  iHiich-marks  won-  nivi-n  sucrt'ssion 
iiuiiihtTS,  whii  h,  toKcllur  with  thr  elevations,  wen-  painted  on  the  rock  surface. 
A  loniplete  list  of  the  prinrii)al  hencli-inarks  estahlislieil  along  the  ]M)wer  reach, 
tonelher  with  their  l(Hatioii,  is  attached  in  Api)endi.\  V. 


Ivp,. 


I  Nurv.y  Hcmli  M.irk. 


Towards  the  end  of  AuKUst,  when  the  levelliiit-  parly  were  in  the  midst  of 
their  o|KTations.  arraiiKeiiients  were  completed  for  ihe  desired  power  recon- 
naissance of  ilie  river,  The  reconnaissance  parly,  consisting;  of  Mr.  Freeman, 
Mr.  McKae,  Mr.  .McLean,  and  the  writer  assembled  ai  \Vinni|H>g  on  the  morning 
of  August  1().  and  immediauK  proceeded  lo  Keiiora,  from  whence  the  >iart  was 
tu  l)e  niadi .  1  )urini;  the  afleriioon  a  delailed  inspec  lion  was  in:i<le  of  ihc  various 
outlets  of  the  L.ikeof  the  Wood-,,  toviiilier  witii  their  control  structures  in  the 
way  of  clams,  iK)wer  si.itioiis.  and  mills. 

The  lollr>wing  morning  ihe  party  hoarded  the  Kathleen,  a  small  sie.imer 
making  regnl.ir  trips  from  Kenora  to  Minaki  at   the  crossing  of  the  .National 
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Transcontinental  railway.  19  miles  ,l,.«n  the  river.     Fron,  this  i„.i„t    the  tri,. 
was  contmue<l  by  canoe  an.l  iwtaRe  to  the  nu.uth  of  the  river.  ' 

At  each  fall  or  rapid,  a  stop  was  ma.le  to  permit  of  a  thoronj.],  insrx-ction 
..  the  s.te  an.l  surroundings,  and  the  securing  of  such  notes,  s^etc  .f  d 
photographs  as  were  .iesiral.le.  Throughout  the  reaclu-s  between  the  f2 
.arefu    note  was  .na.le  of  the  banks,  n.ainly  fron,  the  canoe.     I-^h     L  wa^ 

;    w';:     ;;r  'T  r'7'"""  '^-'7-"«-'"'«  «>--«  '■-  greatest  feasible  h^ 
I.  uas  nnposs.ble  to  do  more  than  form  general  conclusions  at  this  stage  an.l  it 
«as  re.-ogn..e,l  that  such  tenMK.rar>-  f.ndings  were  nu.rely  useful  Ci  , 

a  prehnn.ury  gu.de  on  which  to  base  the  f.eld  work,  and  we  re  to  be  re   ise  ^ 


Whit.-  Ddj;  K;ipi,|,,  Tliir.i  j.,,,  |, 

li.h.  of  tin.  „c,u..l  result.  ...ured  bv  the  field  parties.     With  .„  h  information 
.        ....Id    be  .,b,n„..,l    .,v   obserxation   on    the   ground,    confcn„c,.-,   w.  r.   held 
he  v.,-.,,us  ,  .   s.  ,u  .l.ich  the  SCO,,  of  the  necess.u-y  surveys  was  disati^:; 

m  Kl  .  be  s,„d  l,e,-e,  that  wlule  the  conditions  ..vp.....d  bv  actual  survev  work 

-     .-lor    M...,„l     n.d.cal    .leparn.res   fron,     ,|.ese    „rs,     'utlined    sug^estir 

and    re,,u,n.d    d,  „.,...„,    .....tn,,.,,,    f,,„„    „,.,    „.„,,„!,,.,,.   ,,is,„ssed,    'he       S; 

!;::;;;!:::::',/' —'---'-"• -^ -....ntg.. „„.„.„:: 

\Al,ile,he.n,peof,lu.,,,-,u,dpuwe,i,,v^ 

uas  nulu.l.l   M,   the  .vcnnua.ssan.e  ex,,mi„.uion.     The  White  Dog  n.pids  w  .  s 
Mss..d  on  the  n.orn.ng  of  the  2S.h.     There  is  here  a  total  .hop  of  45        ' V 
H   -pparen,   op,„.nun,,y  ...  developing  the  ..nti.v  h.ad,  an,l  of  llood.ng  b,.  k 
.0  "-■';■-"•-  ..f  .1.0  Kenon.  plants.     Such  a  develop.nent  uoui.l  .....louluedlv 
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prove  commcriially  attractive.  Extensive  detail  contotir  survey*  of  the  river 
banks  alx.ve  are  neeei^sary  to  determine  the  Hooding  wiiich  would  he  involved. 
A  back  channel,  w  ith  upix-r  entrance  above  the  first  drop,  also  retiuires  investiga- 
tion in  connection  with  an\  development  here. 

The  Fir>t  falls,  reaeluii  during  tiie  same  day,  .ire  located  al".ui  lo  miles 
below  the  White  Dog  rapids,  and  1  mile  Ulow  the  junction  with  the  English 
river.  There  is  here  a  nattir.*!  drop  of  4  feet,  and  the  fall  f<irms  an  excellent 
power  i>rospc(t.  tin-  full  <  .ipacny  of  which  can  only  U-  ascertained  by  .i  contour 
surve>  'A  the  ri\cr  banks  ab  )Ve- 


Wluli-  UuK  Kapi(K   I'.mrih  riiili. 

On  the  moniinjr  of  August  2<>,  the  party  loft  First  fails,  and  .ihout  noon 
encountered  the  levelling  parly  working  uf»  stream,  a  shf)rt  dist.mce  above 
Lampre\-  fall-.  These  falls  have  a  drop  of  about  1 ' ..  feet  onK-,  all  th.it  is  now- 
left  of  the  original  16-fool  ;)itch,  whi'-h  h.is  been  Hooded  out  by  the  construction 
of  the  city  of  Winnipeg  municipal  plant. 

The  city  plant  was  reached  .ii  4  p.m.,  and  .i  thorough  inspection  niaile. 
At  this  time,  the  initial  installation  was  being  rushed  to  c  ..inplelioii. 
Leaving  the  city  plant  .md  passing  the  Eight  Foot  falls,  Sl.ive  f.ills  was  reached 
the  same  evi'iiing. 

On  the  morning  of  the  JOth,  the  Slave  site  was  inM..cted.  This  .ippeared 
to  be  the  f)bvious  point  of  concentration  for  the  Slave  ..nd  Fight  Foot  fall-. 
Subse(|uent  sursey  has  contirmid  this  conclusion,  as  i-  c(n ered  in  (ha])ter  \'I. 
Immediateh-  above  Shne  falls  there  occurs  a  fairly  narrow  ri\'er  sectiim,  which 
appeared  to  offer  better  opportunities  for  the  establishment  of  a  metering 
station  than  were  I'lsewhere  obtainable  along  the  river.     This  was  confirmed 
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in  thr  siilisc(|iii'nt  fii-tailed  cv.imination  <if  llic  riviT,  and  .i  labli'  >Uiiiuti  was 
rslal)lisht'il  here  in  OctohtT  (  f  the  simi-  \rar. 

Tilt  diversion  wcir^  of  the  Winiiipejj  KltTtric  Railway  plant  weru  riMciu-d 
■shortly  after  noon,  an<l  wen-  hrietly  insjurted.  The  canoes  were  then  turned 
down  the  Pinaw.i  channel.  Time  did  not  perniit  of  a  reconnaissanee  of  the 
main  or  Se\ en  Si--iers  chantiel,  and  as  tile  problems  to  he  invesiigatt'd  thereon 
win-  not  of  as  pressing  in\]H>rtani  r  as  witc  those  on  the  I'inawa,  the  latter 
channel  was  svlci  ted  'or  inunediate  attention.  The  principal  features  of  the 
Pinawa  ( liamiel  are  referred  tit  in  .inoilier  section  of  this  reixirt,  and  need  not  i)e 
niieaii'tl  iiere.  The  street  raih\.i\  plant  was  reached  at  4  ]>.ni.  Leaving;  the 
]K)wer  station,  the  party  re,i«  ht»l  L,i<  du  Honnet  .ihout  nightf.ill.  (iood  progress 
was  maile  liirounhoni  the  I'inawa.  due  to  the  ra])id  current  which  prevails  for  a 
coiiitlerahle  porlioii  of  its  length. 


rinawa  (h.iiiml.  Rcxk  Cut. 


On  the  morning  of  the  .iNt,  the  two  Mc.Arthur  falls  were  examined,  followed 
1)\  the  ( ir.md  ,ind  Little  du  Honnet  f.dls.  The  outstanding  advanta,;e-  of 
comliiiiing  the  entire  dro[)  of  this  grouii  of  falls  at  the  last  named  was  rectigni/il. 
and  wis  made  the  basis  of  the  subseciuent  field  investigations.  These.  howe\ir. 
siiowcd  ill, It  I  lie  scheme  w,is  not  practicable  in  its  entiret\',  owing  to  ;iu  lowU  isig 
lands  to  till'  e.ist.  .md  it  has  been  found  net  iss,ir\  to  break  ihis  >eciion  into 
two  (K  si'lopnuTits.  as  is  discusseil  in  chapter  \  !. 

1  he  Wliittnuid,  SiKcr,  antl  Pine  t.ills  were  jiassed  during  the  .iflernoon, 
anti  tin-  gt  lu  r.il  sco|h-  <  f  the  lield  investigations  covering  the  s,inif  ilt-cided 
upon. 

.■\t  7  p.p.!.  the  party  bo.utled  the  launch  which  was  w.iiting  .U  the  foot  of 
Pine  falls,  and  iirotceded  at  ross  lake  Winiiipeg  to  (iimli,  and  thence  by  tr.iin 
the  following  morning  to  W'iiniipeg.     The  entire  trip  from  Kenor.i  to  Pine  falls 

86376     .Vi 


1 


36 


department  of  the  Interior. 


occupied  fivo  full  cla\  n  which.  considcriiiK  the  time  sik-iU  on  the  examination  of 
the  falls,  rapids,  and  plants,  en  route,  was  considered  excepti(jnallv  k<h><1 
travelling,  and  was  only  attained  .is  a  result  of  contiiuious  effort  aiid  hard 
j)addIinK  by  every  member  of  the  |)art\  . 

Mr  Freeman  and  Mr.  McKae  subniitle.l  to  the  department  comprehensive 
reports  covering  the  trii,,  the  investigations,  the  fiehl  work  recomnun.le.l,  and 
the  general  conclusions  as  to  the  sco|h'  of  the  work  to  be  underi.iken.  The 
following  final  summing  of  Mr.  IVeem.m's  rei«jrt  is  ipioted: 

"In  brief,  I  recommend  tliat  you  have  sur\e\s  made  in  sufficient 
detail  .it  each  site  so  ih.it  the  best  pl.m  for  conserving  .ill  the  ixmer  can 
be  worked  out.  and  ih.it  pl.ms  be  imp.ired  in  outline,  .iiid  the  cost  of 
each  project  carefully  estimated,  and  the  whole  then  published  very  fully, 
so  as  to  attract  attention  and  at  tlie  same  time  give  opportunity  for  e.isijy 
verifying  the  principal  statements  and  esiimates,  and  that  this  be  pref.iced 
by  a  statement  of  the  generous  policy  of  the  ( .oveniment  regarding  the 
granting  of  w.iter-power  rights." 

This  summary  was  supplemenletl  by  re.  ommendations  to  thoroughly  study 
the  river  discharge,  ..nd  to  establish  tJie  records  of  the  same  on  a  reliable  basis, 
to  collate  all  existing  rainfall  records  and  establish  new  st.itions  where  necess;ir\  .' 
to  establish  a  fully  equipped  evaporation  station  on  tlie  lake  of  the  Woods,  and 
to  look  into  the  storage  prospects  on  b.ike  of  the  Woods.  R.iin>  lake,  l.ac  Seul. 
and  oiher  lakes  of  the  w.itershe<l.  All  these  (pieslions  had  been  (lic'subject  of 
conference  and  tiiscussion  iliroughout  tlie  reconnaiss;ince,  and  tlie  \arious 
asi)ects  .-md  details  in  connection  witli  the  same,  hail  been  thoroughly  considere<l. 

Kii;i,i)  Slrvi;v. 

In  view  of  the  pressing  and  conflicting  i  ii.iracter  of  the  ajiplications  wiiidi 
were  before  the  department  covering  the  de\elo[.ment  of  the  Du  Bonnet  falls, 
the  reach  of  the  river  bel')w  l.ac  du  Bonnet  c.illeil  for  hrst  consideration  in  the 
tielil,  and  it  was  at  the  Du  Bonnet  f.dls  that  the  actual  detail  survey  work  was 
commenced.  In  s|)ite  of  the  extreme  temivraturc  conditions  which  jirevail  in 
this  latitude,  ii  was  determinMl  that  the  heKI  work  should  be  prosecuted  con- 
tinuously througlioiit  the  winter  se.ison.  The  <lis.id\am.iges  and  hardships 
UK  idem  to  work  during  this  se.ison  were  largely  counterbalanced  by  the  added 
sjH-ed  which  could  be  attained  in  i  ross-sectlon  work,  due  to  the  bareness  of  the 
trees  and  shrubbery.  The  necess.ir\  soundings  ,  uiikl  also  be  obtaiiud  much 
more  readih  Inmi  the  ice  siirtai  e.  tji.m  under  opi  i.-w.iter  ronditions. 

I  i)on  the  (..nipleti,,,)  of  ihe  prolile  w(,rk  in  the  hitter  p.m  of  September. 
the  levelling  jiarty  was  enlarged  and  tr.iiisferrei!  to  the  Du  Bonnet  i.dls,  ,ind 
there  installed  in  .i  roomy  lug  >Ji,iniy  which  Ii.kI  formed  tlie  lic.idfiuarters  ,,f 
pre\ious  power  survey  i)ariies  coiidiicier!  \,y  j.iisaie  enter])iise.  In  the  mean- 
time, a  cable  metering  station  was  islablished  al  Sl.ive  f.ills,  and  gaug.s  were 
I)hiced  at  all  points  where  records  of  the  water  level  wouhl  prove  of  value,  and 
where  gauge  readi-rs  could  be  «'cured. 

Tlie  survey  work  in  the  ^  trinity  of  the  Du  Bonnet  falls  was  more  extensive 
m  scope  than  was  necess.iry  at  other  jMissible  concentrations  along  the  river. 
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This  was  due  tn  the  conflictiTig  nature  of  the  schemes  of  development  proposed 
!)>•  private  interests,  and  to  the  necessity  of  ascertaining,  l)eyon<l  doubt,  the 
feasil)iiity  or  otherwise  of  carryinR  the  Lac  <hi  Bonnet  level  to  the  Du  Bonnet 
falls  for  incorporation  with  the  existing  drop.  This  involved  very  extensive 
cross-section  work  hack  from  the  direct  riser  bank,  in  a  search  for  the  highest 
land.  Also,  before  any  fmal  decision  could  l)e  reaclu'<l  as  to  the  hea<l-  and 
tailwater  elevations  pertnissible  at  the  Du  Bonnet  site,  full  detail  data  were 
necessary  covering  the  entire  reach  of  the  river  down  to  Pine  falls,  and  up  to 
and  including  the  shores  of  Lac  du  Botuiet. 

In  addition  to  the  extensive  work  which  was  required  in  the  \icinit>-  of  the 
Du  Bonnet  falls,  llie  balance  of  the  lielil  data  securetl  along  this  reach  consisted 
jirincipalK'  of  a  contour  survey  of  ilie  river  banks  between  the  various  falls, 
and  of  detail  cross-sectioning  and  sounding  at  the  falls  and  wl;erever  there  was 
prosjxH-t  of  future  construction.  This  detail  included  the  two  McArthur  falls, 
ihe  Du  Bonnet  group,  the  W'hiteinud,  the  Slave,  and  the  Pine  falls.  During 
this  season  also,  a  reconnaiss.mce  survey  was  made  along  the  shores  of  Lac  du 
Bonnet.  Some  ri'alization  of  the  con<litions  under  which  this  work  was  carried 
on  is  conveyed  by  the  statement  that  during  January  and  Kebniary  there  were 
thirty-four  days  during  which  the  temperature  never  rose  above  zero,  and 
eighleen  da\s  during  which  tlie  tcmpiralure  never  rose  above  10°  below  zero. 
Kxtrome  tem]>eraturts  of  20°,  l?i'  and  .>0°  below  were  cunnnon.  The  remainder 
of  the  winter  was  of  similar  severity,  liut,  notwithstanding,  there  were  no  days 
in  which  outside  work  was  not  carried  on. 

.■\s  fast  as  the  field  work  was  completed,  it  w,is  plotted  in  the  camp,  and 
Iraied  mi  standard-sized  sheets  .^0  bv'  ,S7  inches,  repnxluctions  of  which  accom- 
j)an\  this  report.  This  inuTie<liate  plotting  on  the  ground  was  gre.itly  aided  by 
the  loose-leaf  system  of  lii'ld  notes  adopted  throughout  tile  work.  Standard-size 
leather  covers,  with  .''-inch  l)y  S-iiu-h  tillers,  suitably  printed  and  niled  for  transit, 
stadia,  and  level  work,  wire  i)rovided.  The  great  flexibility  of  the  loose-leaf 
svstem  proved  of  outstanding  advantage  to  the  rapid  and  efficient  carrying  on 
of  tlu'  work,  more  esiK-ciidly  as  the  results  were  being  plotted  into  linal  shape 
.IS  rapiillv  .IS  tin-  notes  were  available.  The  l(M)se  leaves  also  lent  themselves 
most  readilv-  to  a  simple  fding  system,  in  which  the  records  of  the  survey  could 
lie  properlv  grouped,  ami  be  at  all  times  available  for  instant  referenci  . 

The  lield  work  lor  tlii-  lower  section  of  the  river  was  practically  com|)leted 
li\  tin-  middle  >it  .\pril.  \''\1.  .uid  the  p.irlv  was  movetl  to  the  I'oint  du  Bois 
power  plant,  in  order  to  commence  the  detailed  work  recpiired  from  that  point 
down  the  river.  Pressing  .lui'stiojis  arising  in  the  department  in  cimnection 
with,  this  reaili  called  lor  lirst-liand  information,  and  made  it  the  next  section 
nt  tl)!'  river  recpiirini;  urgent  .ittention.  The  survey  work  was  similar  to  that  on 
tlie  lower  reach,  cjiuours  ol  tlu-  banks  being  secured,  with  detail  work  at  the 
Light  Fool  .\ml  the  Slave  f.ilis.  Tin-  work  was  at  this  stage  continued  down  the 
river  to  Sturgeon  falls,  wiiicii  point  was  reached  early  in  July.  Tlie  party 
worketl  from  a  movable  tent  i  amp  headquarters,  transport  being  .secured  by 
means  of  canoes. 

Towards  the  end  of  July  it  l)e(ame  necessary,  in  the  interests  of  depart- 
mental work.  t'i  transport  the  Winniiieg  River  party  and  outfit  to  the  Grand 
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Rapids  on  the  Saskatchewan  river,  for  the  purpose  of  there  carrying  out  similar 
power  investigations.  This  worlc  was  not  completed  until  about  the  middle  of 
October,  and  it  was  the  23rd  of  this  month  Ufore  the  Winnipeg  River  survey 
was  recommenced. 

The  VVinnijx-g  field  work  was  restarted  from  the  McArthur  falls,  and 
continued  up  the  western  shore  of  Lac  du  Bonnet  to  the  Winnipeg  City  bridge, 
after  which  it  was  continued  from  the  falls  around  the  shores  of  the  lake  and  up 
the  Pinawa  channel.  At  aH  points,  the  bank  .ontours  were  secured,  and  the 
low-lying  sections  and  muskegs  traced.  Along  the  western  shore  of  the  lake, 
this  involved  ratiur  extensive  exploration  work  as  the  land  is  low-lying  and 
adjoins  an  extensive  muskeg,  of  which  limits  have  never  been  definitely  ascer- 
tained. Its  mean  elevation  in  the  vicinity  of  the  lake  is  829.  This  forms  a 
limiting  feature  in  the  power  investigations,  which  is  fully  discussed  herein  in 
the  section  dealing  with  the  McArthur  power  site. 

Further  detail  work  along  the  Pinawa  channel  was  stopped  for  the  time 
being  at  the  cit\  bridge,  which  jxjint  was  reached  on  February  3,  1913,  work 
having  been  proceeded  with  throughout  the  winter  season  as  in  the  previous 
year.  Froiu  this  ymnt,  a  traverse  line  was  run  along  the  city  tramway  and  tied 
in  to  the  detail  work  on  the  main  channel,  completing  the  closure. 

The  field  work  was  then  continued  up  past  the  town  of  Lac  du  B(mnet, 
and  along  the  Seven  Sisters  reach.  The  usual  bank  contours  were  secured,  and 
detail  sounrlings  obtained  at  the  falls  and  rapids.  At  the  head  of  the  reach,  the 
three  diversion  weirs  and  the  control  dam  of  the  Winnipi-g  Electric  Railway 
Company  were  tied  in.  The  numerous  islands  and  structures  in  this  vicinity 
necessitated  a  considerable  amount  of  traverse  work,  and  occupied  the  party 
imtil  the  middle  of  July. 

From  the  head  of  the  Pinawa  channel,  the  survey  was  carrictl  down  to  the 
street  railway  comixmy's  plant,  and  united  to  the  v.nrk  which  had  been  carried 
up  to  this  point  in  February.  All  the  compan>  V  plant  ami  buiUlings  were 
carefully  tied  in  to  the  i>ower  sur\ey  lines.  This  work  ww*  finished  b\  the  end 
of  August  and,  for  the  time,  completetl  the  reguldr  survev  oi  the  river. 

At  this  stage,  the  entire  river  banks  from  Pine  falls  to  the  city  of  Winnipeg 
plant  at  Point  du  Bois.  with  the  exception  of  onf  -.mail  gap,  iiad  lieen  completely 
contoured,  and  the  sites  detailed.  The  unclosed  gap  consisted  ;(  aU.ut  b  miles 
of  river  extending  from  a  short  distance  above  the  diversion  weirs  to  the  Sturgeon 
falls.  Thf  information  along  this  reach  was  not  immiHfi.uely  neces>ar>  ,  and  was 
left  to  a  more  convenient  season,  the  ix)wer  party  Ix^ing  more  profitabh  used  in 
securing  additional  sections  .-ind  sounding*,  etc.,  at  points  where  the  office 
studies  had  shown  the  same  to  be  necessary.  The  gaj)  wa-  cl..-,iil  the  following 
year,  in  order  to  complete  the  .series  ot  top. .graphic  sheets,  and  at  the  >aiiu'  time 
further  and  niore  accurate  data  were  secured  respecting  the  higher  contours 
along  the  Pinawa  channel.  The  com[)lete  series  of  topographic  sheets,  Xos.  1 
to  50  accompany  this  rejx)rt,  and  depict  the  field  data  secured.  Plate  4  is  a 
key  plan  of  these  toixjgraphic  sheet-  and  illustrates  the  reach  of  river  co-ered. 
Sheets  51,  and  55  were  i)lotteti  in  Ottawa,  and  are  ba-seti  on  lanri  survey  field 
notes.  They  depict  the  llcKKling  caused  by  the  consiructi(m  of  the  municipal 
power  plant  of  the  city  of  Winnipeg  at  Point  du  Bois. 
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The  completion  of  the  survey  work  to  the  electric  railway  company's  plant 
finished  that  |.„  (,on  which  was  essc>ntial  to  the  preliminary  jM.wer  studies.  The 
field  work,  as  it  was  coinplcttHJ.  was  comr.iled  and  plottwl  as  rapidly  as  ,K,ssil,le 
those  portions  which  were  most  urgently  re(,uired  iK-inR  jjiven  first  ronsideratim". 
This  plottinK  was  carrie.l  on  un«ler  Nfr.  Mr  Lean's  direction  in  the  Wiimi.x.K 
office  after  the  removal  of  the  h..a,lc,.iari..rs  lo  that  city  in  April  of  1912  at  the 
time  of  the  orKanization  of  the  Manitoba  H>-droKraphic  Survey.  The  finishtnl 
tncmgs.  on  stan.lard  sheets,  were  forwar.led  to  Ottawa  as  completed,  where 
immediate  study  was  ^iven  to  a  «heme  of  comprehensive  ,K,wer  .kxelopment 

.n  this  study,  the  writer  rf)IIal)orated  cwistantly  with  Mr.  J.  B.  McRae 
and  th>-  results  are  incorix, rated  in  the  plans  an<l  text  foIlowiuK. 

PrclMTiinary  studies  for  the  determination  of  the  ,«,i„,s  .,f  ,K,we-  concentra- 
tion indiated  that  thi^.  would  Ik-  ,,laced  at  the  Second  McArthur,  the  Little 
du  Bonnet,  an.l  the  Fine  falls,  while  the  natural  drr.p  helow  ti...  I'„int  du  Bois 
plant  could  b-.  concentrated  at  the  Slave  (alls.  Tentative  la- outs  were  desipu>.) 
for  these  sues,  and  general  amclusions  were  drawn  as  to  the  feasibilitv  and 
etticiency  of  the  same. 

Before  final  designs  or  estimates  were  prcKceded  with,  the  writer  made  a 
further  inspectum  trip  along  the  river,  in  ..r.ler  to  examine  the  actual  ^Akxxk^ 
sites  and  to  .l.tenvtne  whether  the  detail  of  the  ground  was  wholl>-  suitetl  to 
the  layouts  pro|MJ8«ii. 

This  insiHction  tr.,>  was  made  in  September,  191.^  and  the  Pine,  Du  Bonnet 
and  McArthur  sites  we-e  visited.  1.,k.  tl.er  with  su.  h  other  iH.iiUs  on  the  reach 
as  the  oftu-e  study  of  the  field  plans  had  indicated  as  re,,uiring  inspecti.m.  The 
information  secured  serve<l  to  confirm  the  preliminar^  conclusions  which  had 
been  reached.  Further  detail  work  was  outlintnl  on  ..-  ground  to  ensure  addi- 
tional accuracy  in  the  estimates  and  t„  the  location  of  the  shoreline  and  rock 
outcrop  in  the  immediate  vicinit>  of  the  projjosed  plants. 

This  reconnais.sancc  also  i.uludwl  the  Seven  Sisters  reach,  in  which  two 
concentrations  were  n..(.s.ar>.  Ihe  g.^eral  locati.m  of  these  two  sites  was 
tentatively  pre-delermined  from  a  stii.ly  <,f  the  uncompl.'ted  held  plans  and  it 
was  possible  to  stu<ly  the  ground  forearmed  with  a  fair  idea  of  the  final 'scheme 
of  development,  and  of  the  particular  feature^  uhI  hKalities  which  re(iuired 
close  investigation  in  ccmnection  with  tiie  same. 

The  receipt  of  the  furth-r  detailed  data,  secured  as  a  result  of  this  inspection 
of  the  pro,wsed  sites,  ix-rmitted  imt.i.-diate  and  aggressive  work  on  the  fmj 
designs  and  layouts,  the  results  of  which  are  submiiled  herein.  The  points 
Of  power  (onecmration  are  shown  in  profile  on  plates  ,S,  6,  and  7. 

While  the  power  survey  was  being  prosecuted,  steps  were  taken  towards 
securing  and  collating  the  further  .lata  tUTtinent  to  the  investigation,  fon- 
tinuous  meterings  were  securetl  at  the  cable  station  at  Slave  falls,  and  the 
r^ults  (ibtairml  were  cmbined  with  prior  records  secured  by  the  engineers  of 
tte  city  and  of  the  electric  railway  company.  /  careful  rating  was  made  of  the 
Fmawa  channel,  and  a  c.mtimioiis  record  of  its  d'schargc  secured.  The  import- 
ance of  the  Uike  of  the  WihhIs  to  a  storage  systen^  for  the  river  was  recognized 
IrofT.  he  rommencement  of  the  investigations,  an<l  particular  care  has  been 
exercised  to  secure  a  reliable  record  of  the  run-oflf.       Metering  stations  wer« 
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est.iMishrd  at  the  lake  uiitlils  in  June  «>f  1<>1.'.  and  a  mo-^t  <  i.iiipl.'tr  M-rits  of 
nuMsuri'iiliiils  <.l)taiiic.|.  Tliise  liav."  Imcii  co-ri'latfil  with  i)rt-i\i>liiii;  ^;aii|;r 
rfiurils  »<(  an  to  s«i  lire  a  ilisdiarnf  riiord  from  l'«)7  ;o  datr. 

Wlicrt'vtr  posMlilr,  coiitiiuiotis  rctunls  of  the  wattr  lixcl  wire  Miiind 
at  poi  ,is  wlicrt'  siuli  iiiformaiioii  was  of  valui-  to  ilir  power  sliidiis.  'I'lir 
sparse  seltleiiifiit  .Homk  the  ri\er  lianks  mailc  it  ditVuult  to  seciin-  KaiiK<'  rea.lers 
at  all  |K>ii)(s  desired,  and  this  has,  to  a  certain  extent,  .jelayed  the  uaiherinn 
of  rerl.iin  (lata  which  are  rerpiired  to  definitely  c.ili  niale  the  working  < ondiiion- 
in  certain  re.iches.  ThU  delicieney  i-.  Imwever,  Iwin^  in.ide  ^ood  ,is  r.ipidly 
as  |)ossilile,  and  the  inform. 'ion  will  he  .ivail.iMe  lon^;  before  it  is  nr!,;ently 
rciiui   Ml  i'l  connection  wiih  pi. mi  o|H'r.i'ion. 

A  \>ell-e<|uipped  ev.iporatioii  station  was  eslal.lisjud  on  the  L.ike  of  the 
\V(M)ds  near  the  outlets,  and  vaki.il)le  re.ords  of  the  meteoroloni.  al  conditions 
have  been  secured. 

This  summary  of  the  field  invest i^.u ions  shonid  not  be  cIoM-d  wiiliont  dne 
acknowledKment  of  the  ver\  elti(ieni  and  hiMriy  co-op.r.uion  of  the  entire  held 
statT  of  the  M.niitoba  Mydro^;r.iphic  Siir\ey  who,  uixler  the  dinciion  of 
Mr.  I).  L.  McLean  as  chief  ennineer  during  tin-  early  stall's  of  the  work,  anil  of 
Mr.  M.  C.  Hendry  during  thi-  later  st.ines.  nave  their  services  loyally  .md  whole- 
he.irledly  to  the  sucess  of  the  invest i>;,n ion.  Siari.d  reference  should  be  ni.ide 
to  Mr.  S.  S.  Scovil,  .issistant  chief  engineer  throughout  the  greater  portion  of 
the  investigation,  and  acting  chief  for  a  considerable  ix-riod,  under  whose  imme- 
diate supervision  a  large  part  of  the  ti  Id  work,  parlicul.irly  in  resi)ect  to  the 
storage  and  rim-off  studies,  was  condu>  ted.  Mr.  Sco\irs  energetic  direction, 
aided  b\  his  personal  knowledge  of  the  entire  district,  due  to  his  long  residence 
theriin,  has  been  invaluable,  not  only  to  the  success  of  the  held  survey  but  also 
to  the  coini)ilation  of  this  re])ort. 

Special  mention  should  also  be  made  of  the  servicc-s  in  the  field  of  Messrs. 
K.  h.  Patterson,  \V.  J.  Irel.ind,  S.  C.  O'Cr.uK,  and  .\.  .\l.  Heale;  also  of  M,.  H. 
E.  Norrish,  chief  dr.iiightsman.  in  lonnectiim  with  the  preparation  in  this  otiice 
of  the  plates  iliiistr.iiing  this  report. 
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CHAPTER  III. 
METEORLOGICAL  PHENOMENA  AND  RUN-OFF. 

Temi'icraturk. 

In  a  study  of  hydro-electric  development  possibilities,  the  (juestion  of 
temperature  c(jndilions  must  receive  careful  consideration,  particularly  in 
res])ect  to  the  efTect  of  the  same  on  run-off  and  on  plant  operation,  riiroughout 
the  Dominion  of  Canada,  this  phase  of  power  investigation  is  exceiilionally 
necessary,  in  view  of  the  low  temperatures  to  Ue  counted  on  in  certain  localities 
during  the  winter  months. 

Plate  8  provides  a  convenient  means  for  ct)mi)aring  the  general  temperature 
conditions  obtaining  in  the  Winnipeg  River  watershed,  with  temi)erature 
conditions  in  other  parts  of  the  country.  On  this  jjlate  are  plotted  the  mean 
maximum  monthly  and  the  mean  minimum  monthly  temperatures  at  Vancouver, 
Calgary,  Winnipeg,  Toronto,  Montreal,  Quebec,  St.  John,  and  Halif.ix.  These 
cities  arc  scattered  from  the  Pacific  to  the  Atlantic  coasts,  and  provide  repre- 
sentative ]M)inls  to  which  the  Winnipeg  temperatures  can  be  readily  compared. 
The  Winnipeg  records  are  siifliciently  representative  of  the  temperature  condi- 
tions on  the  Winnipeg  |K)\\er  reach  (some  0.^  miles  distant)  for  comparative 
l)urposes. 

Temperatures  for  two  years,  1906  and  1907,  are  shown,  these  two  years 
representing,  res|iect ively,  winters  of  the  more  severe  and  of  the  milder  tyjie  in 
the  West.  It  will  be  noted  that  Winnipeg  and  Calgary  are  subject  to  more 
extreme  temi)erature  conditions  than  are  the  other  cities  listed. 

The  Meteorological  Service  of  Canada  is  obtaining  temjierature  records 
throughout  the  Winnijieg  watershed  at  Dryden,  Ignace,  Kenora,  Rainy  river 
Shoal  lake,  and  Sioux  lookout.  Fifteen  years'  observations  have  been  taken  at 
Kenora,  and  one  year  at  lach  of  the  other  points.  Forty  years'  records  have 
bein  secured  in  Winnipeg.  For  convenient  reference  the  daily  temperature 
records  at  Winnipeg  for  the  years  1912  and  191,?,  and  tile  comparative  monthly 
records  at  Winnipeg  and  Kenora  for  the  years  1906  to  1914,  inclusive,  aie 
altaclied  as  tables  4S  and  49,  res] )ect ively,  in  .Appendix  \'l. 

Reference  to  the  tallies  indic.ites  ill, it  the  yearly  temperature  at  Winnipeg 
averages  a  few  (Ugrees  higiier  than  at  Kenora.  The  temperatures  recorded 
on  the  Wiiuiipeg  River  power  reach  should  not  vary  to  any  great  extent  trom  the 
records  at  these  two  stations.  Winter  teniiHralures  of  40  degrees  below- 
zero  are  lu  be  expected  in  this  region,  while  sexere  conditions  may  lonlinue 
over  considerable  periods,  as  is  instanced  by  the  month  of  January,  1907,  where 
the  mean  temperature  for  the  month  was  11-4  tlegrees  below  zero,  and  the 
averaiie  of  the  minimum  daih'  readings  was  21  -6  degrees  below  zero. 
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MATC  No.  8 


COMPARATIVE  TEMPERATURE  RECORDS 


Relative  temperature  records  at  typical  points  throughout  Canada. 
UpperCurvC:-  Mean  monthly  maximum 

temperature. 
LowerCurve :-  Mean  monthly  minimum 
temperature. 


IXFLUEXCK   ON    RUN'-OFF. 

The  influence  of  temperature  on  the  n:  ,-off  of  the  Winnipeg  durinj?  the 
xvMnter  season  cannot  be  fully  dealt  with  at  the  time  of  writing.  The  majority 
of  the  contmuous  discharge  records  available  are  more  or  less  influenced  bv 
storage  ni  the  lake  of  the  Woods  and  in  Rainy  lake,  which,  to  a  certain  extent 
militates  against  securing  records  showing  the  direct  relation  between  temper- 
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ature  range  and  river  discharge.  The  installation  of  automatic  gauges,  ensuring 
continuous  and  accurate  surface-level  records  at  vital  points,  will  jirobably 
remedy  this,  and  render  possible  a  determination  of  that  direct  influence  which 
is  so  much  in  evidence  in  the  prairie  rivers.     In  comparison  with  these  latter 


rukTE  No  S 
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rivers,  the  relation  between  temperature  and  run-off  is  largely  modified  on  the 
VVinni]X'g,  due  to  the  character  of  the  watershed  and  to  the  \ast  number  of 
lakes  with  which  it  is  supplied. 

On  plate  9  are  plotted  the  discharge  records  at  Chaudiere  falls  (Kettle 
falls)  from  August,  1912,  to  June,  1913.     These  records  cover  the  run-off  from 
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an,  at  that  time,  unregulated  portion  of  tiie  basin.  With  them  are  plotted  the  mean 
daily  temperature  records  at  Kenora.  It  is  evident,  from  a  comparison  of  the 
curves,  that  there  is  no  direct  daily  connection  between  the  temperature  and  the 
nm-otf  through  the  summer  months.  It  is  i)robai)lc,  iiowever,  that  were  automatic 
gauge  and  temperature  records  available  for  this  period,  a  distinct  relation 
would  be  noted  during  the  winter  season.  It  is  apparent,  that  any 
such  relation  as  may  exist  is  not  to  any  great  e.xtent  detrimental  to  power  plant 
operation  on  the  main  river,  in  so  far  as  the  run-off  is  influenced.  The  natural 
balancing  reservoirs  in  the  basin  are  of  sufficient  ca])acity  and  so  well  distributed 
as  to  modify  immediate  temperature  influences. 

Temperature  has,  however,  its  usual  influence  in  this  latitude,  in  tliat  the 
periods  of  minimum  flow  are  to  be  looked  for  during  tlie  winter  season.  Refer- 
ence to  the  mean  monthly  temperatures  and  run-otfs  on  plate  9  plainly  shows 
this  connection. 

While  the  low  winter  temperatures  have  the  effect  of  lowering  the  winter 
discharge,  the  excellent  natural  reser\oir  system  provided  by  the  innumerable 
lakes,  effectually  pre\ents  the  extreme  low  flows  which  are  experienced  in  rivers 
in  this  region  not  provided  wich  headwater  bkes.  The  minimum  low  flow 
recorded  to  date  is  11,700  cubic  feet  per  second.  While  this  is  influenced  by 
the  artificial  regulation  in  the  Lake  of  i,ie  Woods  and  Rainy  lake,  the  influence 
of  the  natural  lakes  is  also  very  evident.  The  Whitemouth  river,  tributary  to 
the  Winnipeg  just  below  the  Seven  Sisters  f.ills,  drains  some  1,400  square  miles 
of  watershed,  almost  wholly  deficient  in  lake  area.  The  minimum  flow  recorded 
to  date  is  15  cubic  feet  per  second.  This  is  particularly  illustrative  both  of  the 
influence  of  the  low  winter  temperature  on  the  run-off,  and  also,  by  contrast, 
of  the  benefits  which,  under  these  conditions,  accrue  to  a  basin  well  supplied 
with  natural  reservoirs. 

Apart  from  the  influence  of  low  temperature  on  the  run-off  is  the  question 
of  ice  troubles  in  jjlant  operation.  Where  the  wintiT  run-off  is  as  dependable 
as  is  that  of  the  Winnipeg,  this  cpiestion  becomes  the  more  important  of  the 
two. 

ICE    CONHITIONS   ON    TlIK    WlNNiriCG    RIVER. 

In  a  country  where  the  prevailing  temperatures  are  as  low  during  the 
winter  season  as  in  Canada,  the  most  careful  attention  must  be  given  to  the 
proper  protection  of  hydro-electric  installations  from  ice  troubles.  This  is 
particularly  the  case  in  the  western  provinces  east  of  the  Rocky  mountahis, 
throughout  the  section  which  is  now  being  rapidly  settled,  and  where  hydro- 
electric development  is  being  aggressively  prosecuted. 

The  troubles,  which  have  been  experienced  in  the  past  in  connection  with 
the  operatitm  of  power  undertakings  in  northern  latitudes,  were  for  a  long 
period  considered  a  necessary  c\  il  and  a  prevailing  condition  beyond  hope  of 
permanent  remetly,  and  only  to  be  met  by  the  yearly  employment  of  local  help 
in  blasting  and  ice-cuuiiig  upcrations.  The  fact,  howuver,  that  certain  plants 
were  comparatively  free  from  ice  troubles,  while  others  were  practically  closed, 
under  and  following  certain  temperature  conditions,  j^roved  an  incentive  to  a 
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closer  study  of  the  actual  underlying  causes  and  |)r(Kesses  of  ice  formation. 
Many  jjapers  have  been  prepareil  and  books  compiled  on  tliis  intc-resting  subject, 
the  most  authoritative  being  probai)ly  that  on  "Ice  Formation"  by  I'rof.  H.  T. 
Barnes,  Associate  Professor  of  I'liysics,  Mc(iill  Inixersity,  Montreal. 

Following  this  recent  fuller  api)reciation  of  the  uiiderhing  causes  of  ice 
troubles,  the  construction  of  hydnj-electric  undertakings,  in  climates  where 
extreme  winter  conditions  prevail,  in  such  a  manner  that  their  successful  opera- 
tion throughout  the  cold  season  is  assured,  has  largeK-  lu'come  a  matter  of  prop.r 
forethought  and  care  in  location,  layout,  and  design.  The  successful  and  uni.i- 
terrupted  oiieraticm  of  the  Point  du  Hois  plant  of  the  city  of  Winniix'g  on  the 
\\inni|)eg  ri\er,  throughout  the  past  thnt'  w  inter  seasons,  is  suftkient  assurance 
that  no  adverse  ice  troubles  need  be  anticipated  in  connection  witii  the  de\elop- 
nient  and  operation  of  the  projected  sites  on  the  rixtr,  pro\  iding  proper  foresight 
is  <iisi)Iayed  in  their  design  and  construction. 

In  this  rei)ort  it  is  not  intended  to  give  any  detailed  study  to  the  origin  of 
and  protection  against  ice  troubles  in  hydro-electric  <le\elopmeiit.  In  view, 
however,  of  ;he  conditions  which  must  be  encountereil  in  {)ower-plant  construc- 
tion and  oi)eration  along  the  Whmipeg  river,  it  is  considered  aiKi.sable  that  a 
general  synopsis  should  be  given  of  the  troubles  to  be  anticipated  and  of  the 
measures  which  ha\e  been  taken  to  eliminate  the  same. 

It  is  intended  to  refer  only  briefly  to  the  three  \arietics  of  ice  which  affect 
power  plant  constructiim  and  operation,  i.e.,  sheet  ice,  frazil  ice,  and  anchor  ice, 
with  particular  attention  to  the  ccmdjtions  tending  to  and  produced  by  their 
respecti\e  formaticm,  and  which  are  found  and  may  be  anticipated  along  .he 
Winnipeg  river.  Reference  to  the  preceding  section  dealing  with  the  winter 
temperatures  of  the  Winnipeg  basin  w  ill  disclose  the  extreme  conditions  which 
prevail  and  which  must  be  combated. 

Sheet  Ice. — What  is  commonly  known  as  sheet  ice  is  the  ordinary  ice  covering 
of  ponds,  quiet  rivers,  and  protected  waters  of  all  descripticms.  In  its  formation 
and  continuance  throughout  the  w  inter  season  it  has  no  direct  adverse  influence 
on  power-plant  operation.  On  the  cfmtrary,  a  broad  sheet  of  ice  cover  above  a 
power  staticm  is  directly  beiiet'icial  to  its  successful  operation,  in  that  it  forms  a 
protective  covering  which  jirevents  the  local  formation  of  frazil  and  anchor  ice. 
The,  at  times,  adverse  influence  of  sheet  ice  in  ctjnneciion  with  hydro-electric 
development  is  of  two  natures;  first,  the  pressure  exerted  on  i)ermanent  struc- 
tures; and,  second,  the  combined  effects  of  floods  and  ice  jams  during  l)rcak-up 
in  the  spring. 

Much  has  been  written  and  many  divergent  views  expressed  regarding  the 
nature  and  intensity  of  ice  pressure  as  de\elop<  d  in  the  formation  of  sheet  ice 
on  lakes  and  reservoirs.     Ice,  after  its  format  ^s  still  suljject  to  expansion 

and  contraction  accompanying  a  rise  or  fal!  i.  upiTalure.  The  contraction 
due  to  lower  temperatures  results  in  cracks  throughout  the  ice  cover.  These 
cracks  at  once  fill  witli  water  from  below  which  freezes  and  renews  the  continuous 
ice  sheet.  A  rise  in  temperature  causes  the  \vh(jle  mass  to  exjjand  w  ith  a  resulting 
pressure  which  must  find  relief.  The  extreme  limit  of  pressure  would,  of  course, 
be  found  in  the  crushing  strengtn  of  ice.  Such  a  condition,  however,  need  not 
usually  be  anticipated  on  a  reservoir  or  pond  surface.  Relief  may  be  fojnd  in 
86376—4 


50 


Department  of  the  Interior. 


several  ways,  arconling  to  tin-  locality;  sloiiinK  and  shelving  shore  lines  permit 
the  ire  !<l)eet  to  slide  or  push  its  way  heyond  the  limits  of  the  water  surface. 
The  effects  and,  in  fa-t,  the  actual  oj)eralion  of  this  action  can  be  frequently 
ol)scr\ed  along  the  borders  of  large  ponds  and  lakes  where  long  ridges  of  gravel, 
boulders,  and  masses  i.!  rock,  freijuently  of  surprising  size,  are  formed  l)y  the  ice 
push.  Wide  expanses  of  water  surface,  with  abru])!  shore  lines  pre\eiiting  tiie 
above  action,  find  relief  from  ice  compression  by  the  buckling  or,  at  times, 
crushing  of  the  ice  sheet. 

The  general  conditions  which  tend  to  endangi  i  from  ice  thrust,  permanent 
structures,  such  as  dams,  etc.,  arc  found  in  n  rrow  v.aters,  where  the  ice  is 
confined  i)etween  the  structure  (m  one  side  and  an  abruptly  vertical  shore  line 
<m  the  other.  In  such  cases  there  is  an  imdoubted  and  hea\\-  thrust,  acting 
horizontally  again-t  the  face  of  the  ..iructure  at  water  level.  A  heavy  ice  cover- 
ing freezing  solidly  to  the  face  of  a  dam.  followed  by  a  levering  of  water  in  the 
reservoir  also  produces  strains  of  magnitude  and  chaiacter  dependent  on 
local  conditions.  A  rise  in  the  water  level  in  cold  weather  following  the  con- 
ditions jjroduced  by  the  above  drop,  undoulU'-dly  results  in  a  strong  leverage 
thrusting  against  the  dam. 

Among  other  causes  of  ice  pressure  might  be  mentioned  the  actiim  of  winds 
on  ice  cover.  Ice  thiust  and  movement  from  this  source  is  frequently  very 
marked.  Conditions  seldom  lend  themselves,  to  the  full  concentration  of 
such  pressure  on  dams  and  permanent  works;  irregular  shore  line,  islands,  etc., 
usually  mitigating  the  same. 

An  overflow  dam.  so  long  as  it  acts  as  such,  docs  t.ot  experience  the  id)ove 
adverse  influences  from  ice  cover,  since,  while  there  is  sufficient  overflow,  the 
ice  will  not  attach  to  the  crest.  N'on-oveiflow  dams,  retaining  walls,  and 
embankments  will,  howev-r,  experience  ice  thrust  under  the  climatic  conditions 
of  the  Winnijieg  river,  where  local  measures  of  relief,  whether  natural  or  artificial, 
are  not  a\ailable  or  applied.  Cutting  the  ice  alimg  the  face  of  the  dam  is  fre- 
quently resorted  to  in  order  to  relieve  pressure  of  this  nature. 

No  hard  and  fast  rule  can  be  laid  down  fixing  a  definite  ice  thrust  which 
must  be  anticijiated  and  allowed  for  in  the  design  of  dams  located  in  extreme 
climates.  The  Hoard  of  Experts  commissioned  in  1884  to  design  the  ])roposed 
Quaker  Bridge  dam  on  the  Croton  river,  in  connecticm  with  the  water  supply 
of  New  York  city,  advised  that  an  ice  thrust  of  4,1,000  pounds  per  lineal  foot 
at  the  highest  ice  line  sho'  '1  be  provided  for.  This  recommendation  was 
not  adopted  in  the  actual  construction  of  the  dam,  which  was  fin'i'y  built 
at  a  site  ^  miles  farther  up  stream,  under  the  name  of  the  New  Croion  dam. 
The  recommendation  has,  however,  been  frequently  quoted  in  discussion  on 
safeguarding  against  ice  thrust.  The  Wacl.usett  dam,  built  in  Massachusetts 
in  1900  to  1906,  was  designed  to  withstand  an  ice  pressure  of  47.000  pounds 
per  lineal  foot  at  the  highest  ice  line.  Other  ice  thrusts  which  have  been  allowed 
111  the  design  of  dams  acUialiy  built  in  recent  years  arc:  Croton  Falls  dam  in 
the  Crot(m  watershed.  .^0,000  pounds;  Cross  River  dam.  also  in  the  Crotcm 
watershed,  24.000  pounds;  Olive  Bridge  dam,  New  York  state.  47,000  pounds; 
Kersico  dam.  New  York  state,  47,000  pounds. 
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Thi-  alxiw  (lams  wito  all  of  the  ti-mtx  uir,  noii-oNiTtlciw  Imk-,  and  iIk- 
variation  in  ice  |>r(ssiirf  allowrd  was  due  l(,  'ation  in  local  conditions  as 
alTictiiin  till-  usi-  and  operation  of  liic  rl.•scr^ oirs,  and  as  rcsnItiiiK  from  llu- 
location. 

The  ])ro|)osfd  d.nns  alonj,'  thi-  WinniiH'jj  river  arc  of  a  conihiiu-d  free 
spillway  and  sluice  control  tyiK-.  It  is  intended  that  the  reaches  shall  he 
maintained  by  sluice  control  at  rejjulated  level  thron^;hout  the  year,  and  that  the 
spillway  shall  come  into  use  only  as  a  safe>,'uardinK  measure,  in  ciHuk  for  sudden 
or  extreme  Hoods.  Inder  these  conditions,  the  ice  cover  will  attach  itself  to 
the  crest  and  face  of  the  dam  at  pond  level.  ,\  thickness  of  Irom  2  to  ,<  feel  of 
ice  may  be  counted  on  in  the  undisturbed  reaches  of  the  WinniiK'n  river,  where 
the  ice  cover  has  not  been  I )rotected  by  a  snow  coverinj;-  In  general,  the  dants 
will  not  be  subject  to  extreme  adverse  ice  thrust  conditions.  No  jjeneral  rule 
can  be  laid  down  as  establishing  a  uniform  safety  factor  to  be  ai)plied 
to  the  desijjn  of  the  structures.  Local  conditions,  as  affecting  each  site,  can 
only  be  studied  individually,  and  corresi)ondinK  precautionary  measures  adopted. 
The  general  question  of  ice  thrust  must,  however,  be  given  careful  ccmsideration 
in  the  design  of  the  ijrojiosed  jiower  stations,  and  contingent  structures.' 

The  break-up  of  the  sheet  ice  in  the  spring  is  frequently  the  cause  of  incon- 
venience and  sometimes  of  disaster  in  power-plant  o|)eration.  In  a  river  where 
large  blocks  and  masses  of  ice,  together  with  other  miscellaneous  drift,  are 
carried  down  stream  in  flood  time,  there  is  alwa>s  a  tendency  towards  the 
formation  of  ice  jams,  with  a  consetiuent  backing  up  of  water  until  the 
increasing  pressure  bursts  the  obstruction,  and  the  whole  mass  is  dischargcnl 
down  stream.  Such  conditions  are  the  frecjuent  cause  of  the  destruction  of 
bridges,  dams,  and  other  obstructions  in  the  natural  stream  bed.  Jams  below 
a  iK)wer  station  have  the  adverse  alTect  of  raising  the  tailwatci  and  of  i)ossil)ly 
flooding  out  the  ])lant. 

The  Wimiipeg  river  does  not,  however,  give  rise  to  conditions  favourable 
to  the  formation  of  ice  jams.  The  river,  as  a  whole,  consists  of  large  lake-like 
expanses,  with  deep  water  and  practically  no  current,  connected  to  each  other 
by  abrupt  falls  or  short  stretches  of  rapids.  In  the  spring  the  ice  on  these 
reaches  as  a  rule  slowK  melts  and  disapi)ears.  Where  ice  breaks  away  and 
flischargi's  o\er  the  falls  and  rajiids  it  is  not  gener.illy  in  sulficient  mass  to  form 
a  jai*.  Tin  slow  rise  of  the  spring  flood  also  has  a  tendency  to  reduce  tiie 
liability  to  ice-jam  formation,  and  to  assist  '"  the  (piiet  melting  and  disposal 
of  the  ice  cfiver. 

After  the  constructi(m  of  the  ]  posed  system  of  hydro-electric  plants,  the 
present  excellent  conditions  in  this  respect  will  be  greatly  improved.  Above 
each  site  there  h.is  been  provided  a  large  expanse  of  jiondage,  extending  fre- 
(luently  many  miles  uji  stream.  The  finally  completed  system  will  transform 
the  river  into  a  series  of  jionds  or  lakes,  with  the  falls  and  rapids  totally  tlofxled 
out.  These  pondages,  both  collectively  and  individually,  will  do  away  with 
any  sligiii  tendencies  which  may  at  present  exist  towards  the  lorination  of  jams. 

'  An  intorcstinB  discussion  on  the  question  of  ice  thrust  in  relation  to  the  desii-n  of  d.ims  is  to  be  founrl  in  the 
Transactions  of  the  American  Society  of  Civil  Engineers,  volume  l.\.\v.  I'lU.  wherein  are  auliinitted  the  oiiinions  of 
s«.'veral  widely  known  cnt;ineers. 
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Frnzil  ue.  l-ra/il  iff  or,  as  it  is  soniftimfs  fallfil,  slush  iff  has  a  niu(  h 
more  diroft  bfaring  on  uatfr-powf r  plant  opfra(ion  than  has  sluet  iff.  It  is  u 
surfaif-fornifd  ice,  its  formation  offiirrinR  in  opfii  chiinnfls  wluro  a  t<M)  9wiftt\ 
tldwiiig  furnnt  prfVfiits  ihf  formali(jn  of  an  iff  fovir.  While  a  smooth  surface 
lifrmils  the  formation  of  fra/il  iff  in  the  form  of  tiiiii  piatfs,  an  at;itatf(l  surfafe 
ofTcrs  much  morf  favourahle  fonditiotts.  This  <listiiri)anff  may  l)e  fatisetl  by 
wind  aftion.  It  is  al\va>s  prfsent  to  exffss  in  rapids  and  falls.  The  ire  itself 
under  these  fonditions  forms  i.i  fnif  uffdU-like  crystals,  which  yrow  and  accii- 
imilatf  with  Y.n:\\  rai)idiiy  vshfU  weather  fonditions  are  faxouralile. 

The  fomhin.ition  of  hmn  periixls  of  intense  cold  with  the  disturbed  water 
in  the  rajmls  and  falls  of  the  Winnipeg  river,  offers  ideal  conditions  for  frazil-ifc 
formation.  These  fonditions  are,  however,  largely  founterbalaufed  by  the 
extensi\e  ici-co\ered  reaches. 

Throunhout  the  winter  season,  vast  (juantities  of  frazil  are  formed  in  the 
falls  along  the  river,  and  are  carried  down  stream  and  lodged  beneath  the  iee 
sheets  which  are  jiractieally  always  found  bflow.  This  condition  was  very 
evident  in  the  soumlings  ti'ken  along  the  lower  reach  of  the  river  by  Mr.  H.  E. 
Xorrish,  an  engineer  of  the  dep.irtment,  duri  g  the  wiiif.'r  of  1909-10,  prior  to  the 
organization  of  the  survey.  Deposits  of  slush  ice  beneath  the  ice  cover  were  found 
below  all  falls  ami  disturbed  stretches  of  open  water.  In  places,  these  deposits 
w«.'re  fiom  25  to  30  feet  in  depth,  and  there  is  every  reason  to  suppose  that  greater 
df ptlis  were  reached  where  conditions  for  formation  and  accumulation  were 
favourable.  The  natural  result  of  this  condition  was  a  blocking  of  the  river 
channel,  witli  a  fonse(|uent  rise  in  the  water  level  above.  This  eondition  was 
l)articularly  observed  below  the  Little  du  Bonnet  falls,  where  the  afcumul;aions 
(jf  frazil  ice  resulted  in  a  rise  of  several  feet  in  the  water  level.  This  slow  rise 
woulil  continue  until  the  rising  head  was  sufficient  to  dear  out  the  accunmlalions 
and  to  o])en  an  under-ice  channel,  and  permit  normal  flow  coniliti(jns  to  resume, 
alter  which  the  gradual  ch(»king  up  would  again  commence.  Under-ice  deposits 
of  the  ab(Ae  nature  were  met  fnmi  a  (piarter  to  half  a  luile  below  the  various  falls. 

That  this  frazil  ice  may  prove  extremely  detriment.-d  to  satisfactory  plant 
operation  is  illustrated  in  the  I'inawa  channel  of  the  Winnipeg  rivet,  where, 
in  certain  reaches,  a  narrow  and  winding  channel  with  ra])id  current  prevents 
ice  cover  forming,  and  is  particularly  favourable  to  the  pHxluction  of  trazil  ice 
<hiring  periotls  of  extreme  cold.  The  deposition  and  accunmlation  of  tlifse 
fr.izil  (TV  stals  on  tlie  under  surface  of  the  sheet  ice  in  the  (piieter  reaches  ar  times 
assumes  large  proportions  and  frequently  partially  'olocks  the  river  channel, 
necessitating  constant  vigil.ince  and  frequent  resort  to  blasting  f)i)erati(ms 
in  order  to  clear  both  tlie  approach  to  and  the  discharge  from  the  power  station. 
It  might  be  repealed  heri>,  however,  tliat  the  Pii.awa  channel  differs  in 
( haracter  from  the  main  channel  of  the  Winnipeg  river. 

Anchor  ue. — Altliough  the  two  terms,  anchor  ice  and  frazil  ice,  are  frequcnth' 
used  indiscriminate^-,  the  two  varieties  are  entirely  distuictivc  in  source,  although 
in  some  respects  tliev-  may,  alter  fornuilioii,  ijosscss  somewhat  similar  char- 
acteristics. DifTering  from  frazil  ice,  which  is  surface  formed,  anchor  ice  has  its 
origin  and  growth  on  the  stream  or  river  bed  at  depths  seldom  exceeding  30  or  40 
feet.     While  turbulent  water  and  low  temperature  always  favours  the  formation 
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of  frazil  crystals,  irri'spfctisc  nf  ntluT  ('(iiiditionM,  a  sm(M»ih  waliT  surf.icL'  expostd 
to  a  ilrar  sk>',  ('i>nii)in('(l  with  invv  tciiipcraliiro,  forius  the  i<lfal  cuiuliiinns  fur  tin- 
forinaticm  of  aiuhur  ici.  i'mm  I'mfcssur  Harm's'  compri'iuiisivi'  work  (ni  ilif 
subject,  it  is  ap]).irt'nt  tliat  r.iiliaiion  is  tlit-  prime  cause  of  anciior-ice  formation. 
A  clear  calm  iiiglii,  witli  liitle  ir  no  air  currents,  is  particnl.irly  condncivt-  to 
radiation,  and  on  such  nigiiis  the  form.ttion  of  amhor  ice  ^ih-a  on  rapidU .  A 
cloud>  ninlit  is  lUNcr  accomp.mied  \>y  anchor  ice  formation.  .\  bridge  cover 
will  pre\eiit  the  ice  forming  in  tl;e  river  bed  beneath,  wiureas  on  the  same 
night  oil  the  stream  alnAO  and  below,  large  masses  accumulate.  Sunshine  and 
a  clear  sk\  coinitiTai  ts  radiation  b%  da\',  aii<l  not  tmly  prexcnts  new  anchor 
ice    forming,  but  loosens  the  m.isses  |)re\iously  forme<l,  causing  them  to  ri^e 
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to  the  surface,  often  carrying  with  them  lx)ulders  of  surprising  si/e.  In  short. 
anything  which  is  conthicive  to  the  radiation  of  heat  from  the  ri\er-bed  to  the 
colder  air  above  will  tend  to  the  formation  of  .nichor  ice,  while  anything  whi(  h 
interferes  widi  or  cuts  otT  such  radiation  immediately  stops  or  tends  to  stop 
its  formation  Krazil  ice,  after  depositing  on  sidimerged  structures,  or  on  masses 
of  anchor  ice,  becomes  for  ail  practical  purposes  of  the  same  nature  as  anchor 
ice,  and  it  is  thi-;  circumstance  which  leads  to  the  common  confusion  of  the  terms. 
Anchor  ice  is,  however,  granular  in  structure,  and  readily  distinguishable  from 
frazil. 

Effects  of  frazil  and  anchor  ice  on  power  plant  operation. — Wlierc  conditions 
are  favourable  to  the  formation  of  frazil  crystals,  the  question  of  power  station 
operation  must  receive  careful  consideration.  Frazil  is  a  much  greater  menace 
to  successful  winter  operation  than  is  anchor  ice.  The  crystals  attach  them- 
selves most  readily  to  heat-conducting  structures.     Among  the  most  vulnerable 
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parts  of  u  Niatinn  in  (his  rt'jjaril  art-  llir  racks.  Hiti'  tht"  iiirtal,  nxiri-  csiKrially 
wliiTi-  it  priijrfts  above  tlu'  watiT  surfa.  r  into  the  inid  oiitsiiU'  'r,  fortus  a  rt'ady 
siirfacf  fur  the  .iccunnilatinii  of  in-  i'r\stals,  with  a  (-onscfiuctit  [)ariial  or  (  oinplfti' 
closinu  olT  of  ilu'  watfr  from  llir  turltiiu's.  This  is,  at  tiiu<'s,  arcornpanicd  Iiy 
thi-  collapsi-  of  ihi'  racks,  «iiK-  to  thi-  pri'sstirc  of  thi'  headwater.  'I'hi'  )i-i\i-s  .in- 
also  ohjfcts  of  attack,  as  arc  also  thi-  whr  ■!«  tliciustlvcs.  'I'h*-  ac(-tinuil.ilion  of 
ice  massi'S  in  the  wheel  pi  I  has  frciiltcnlly  Ihtii  I  he  cause  of  I  hi'  conipleti'  lilockin^ 
of  the  turliines,  anil  the  conse(|iietil  i  losing;;  down  of  the  p'ant. 

N'arioUi  renudies  ha\i'  lieen  applieil  to  conihat  conditions  of  the  ,dio\e 
nature.  These  remedies  ha\e,  as  tluir  li.isis,  the  app'icatioii  of  heat  to  the 
parts  affected,  i.e.,  to  tne  rack-i,  v;ates,  anil  turliines.     The  -uccvss  which  lias  fol- 
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lowed  such  exi)erinu'ins  is  founded  on  the  fact  tliat  the  raising  of  the  temperature 
of  the  racks  and  jiarts  affecte<l  by  even  one-thous:indlh  of  a  degree,  will  prexent 
tlio  initial  attaching  of  the  Ice  crvsials,  and  their  consequent  accumulation. 

In  the  layout  of  new  pl.uUs  in  localities  where  the  winter  conditions  ate 
such  that  fra/il  and  anchor  ice  are  t(»  he  anticiiiated,  for. thought  'ii  the  design 
will  largely  mitigate,  and  frequently  cr.  irely  prevent,  ice  troubles.  In  the 
layouts  of  the  proposed  plants  along  tlu'  Winnipeg  ri\er,  care  has  been  taken  to 
provide  conditions  in  all  respect.s  unfavourable  to  the  formation  of  either 
frazil  or  anchor  ice.  The  extensive  ponds  prmided  will  form  an  ice  sheet 
sufficiently  extensive  to  not  only  prevent  the  forma ii>n  of  the  ice  in  question, 
but  also  to  arrest  and  accumulate  on  its  iiniler  surface  any  frazil  which  may 
be  formed  in  undeveloped  ra])ids  or  falls  above.  In  general,  the  wheels  draw 
water  direct  aid  undisturbed  from  the  pond  without  an  intervening  head- 
race, and  where  such  has  been  necessary,  easy  curves  and  ample  sections  have 
been  provided  in  order  that  a  quiet  and  undisturbed  current  may  reach  the 
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r.ii  k».     The  in-  rnvt-r  i)f  thv  iwind  will  in  uli  ra!«f»  narh  t<i  tlir  |>ri)U(  linn  ciiri.iin 
alouK  tlir  face  <»f  ttu  rackn. 

I  ihKt  I'usf  coiKlitiuiir.,  no  ill-  iroulilis  iui<l  !«•  aiilit  iiiaiiil.  This  j,  ahmui- 
ami)  provi'd  !)>  tlif  mk  i  r-ofiil  winiir  (iixraiion  nf  tlir  tinniii  i|  .il  plant  (il  ilir 
tity  of  Winnipij;  at  I'nini  dii  Hoi>  on  tlu-  Mini-  rivi-r.  No  uv  tmnliUs  of  any 
(K-scription  have  Ixtn  cxptriinri'd  liin-  during  the  ilir'c  winiir-.  in  wliitli  the 
plant  has  bi-i-n  in  optraiion.' 

PKI  <  ll'ITATION. 

A  stiidv  of  the  rainfall  rrcords  of  ain  \vatir>lu'd  i'^  at  .ill  iiini>  iiiicrfMlni({, 
nioH'  parlii  iilarly  in  ri't;ard  to  the  relation  hitwcin  the  pre.  ipiiaiion  and  tin- 
runoff.  Where  ai  lii.il  (li>ehar;4e  recortU  an-  not  avaiialtle,  precipitation  records 
ill  often  aljord  a  lia^i-.  upon  \\h'  ]\  rnn-olT  may  be  deduced.  Such  <alculations 
nmxt,  however,  lie  approach<'d  uiili  caution.  While  the  relation  between  the 
precipiiaiit.n  ,nid  rmi-olT  i>  direct,  the  dciliiciion  of  its  ex.ict  ratio  nece»ilates 
much  more  ac(  ur.ile  .nid  more  comprehensive  d.it.i  than  are  ^;enerally  available. 
Sinam  nm-off  is  inlliienied  b\  so  inaii>  complex  conditions  apart  fnati  jire- 
ci|)iiation  such  as:  n.iture  of  soil,  slope  of  surface,  area  and  conlinur  ition  of 
c.itchnu'nt  basin,  neolo^ic  structure  of  basin,  forests,  winds,  eva|)oration,  etc., 
that  an  arbitrary  deduction  as  lo  the  run-off,  b  '  on  some  general  and  averais'f 
ratio  already  established  in  more  or  less  sinm.ir  I;  sins,  is  liable  to  result  in 
considerable  error.  This  is  iiarticularly  the  case  in  endeavouring'  lo  establish, 
from  preci|)ilali(m  reconls  alone,  the  extei.t  and  dur.uion  of  minimum  liow 
in  coimelion  will.  ludro-t'U'ctric  |)ower  studies. 

In  view  of  the  mnuerous  conllittiiiK  condiiiims  which  inlluence  the  run-off 
from  any  particular  waterslied,  it  may  be  assumed  that  umil  the  ratio  between 
the  precipitation  and  run-off  h.is  been  dehnitely  established  by  c.ireful  and 
piolonned  observation,  backed  by  actual  records  ,md  comprehensive  data,  any 
deductions  which  may  be  made  as  to  the  relation  exisIin^;  must  be  considered 
as  more  or  less  appro.ximate.  It  is  recognized  that,  in  this  relation,  every  stream 
is  a  law  unto  itself. 

In  the  WinnipeK  River  basin  there  are  sufficient  continuous  nm-off  records 
available  to  permit  of  a  fairly  satisfactory  stiuly  of  the  discharge  conditions, 
and  deiHiulence  on   the  ])recipilation   records  is  not   therefore  necessary. 

Within  the  Wimiiinj;  River  w.ilershed.  precipitation  records  Iku  e  been 
secured  iiy  the  Meld  Tological  Service  of  Canada  at  Dryc'en,  Fort  Fn.iices, 
I^inace,  Kenora.  Sioux  Lookout,  and  Savanne.  Of  the  above  stations,  two 
only,  i.e.,  Keiior.i  and  S.iv.inne,  extend  over  a  series  of  years.  Kenora.  loc.ited 
at  the  outlet  of  the  Lake  of  the  Woods,  furnishes  records  from  I'MIO  to  date. 
and  Savanne,  located  near  the  eastern  limit  of  the  watershed,  from  LSSo  to 
l'«l6.  These  records  are  neither  of  siifticient  extent  nor  sutncientlv  widespre.id 
to  ])ermii  a  study  of  precii)itation  and  nm-off  phenomena. 

More  ])r<)luiigiil  .-,iiie>  of  prei  ipiiaiion  records  are  availaiiie  at  i)oinls  a 
short  distance  outside  the  limits  of   the  ba-in.     At  Winnipeg,    records   have 

'  •■'"■'  •'.  !""",;'n'l  "'"'.I'lv,'"'  »'"''>■"'  llio  rpK'stion  of  ice  form,iii,>ii.  il.i-  r.-.i.li-r  U  ruf.Tml  to  tlic  book  ol  -Ice 
1-orni.ition     by  How.ir.l  1.  Harms,  M..\.s>„  .\s.sodate  frof.-- or  „l  Pliy  i>s.  M.Gill  Liiivwsity.  Montreal. 
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Ikvii  M'tiiri'd  liner  1X7  S.  \\  Port  Arthur,  cm  l.iki-  SiiiHTinr,  r«'<'oril>.  .in-  .i\.iil,il>li' 
»«iiic»'  1H77.  I'"i>r  (11  M'liitiii  ri  frmnf,  iln-r  ritonU,  ini;>>ilnr  with  tin  .  . 
Ki'iior.i  ,iiiil  S  ix.miii',  .ire  rciiriMiiti'd  mi  pl.itc  HI,  .iinl  .irr  i,ilMil,tti'i|  in  i.iKu  ."I, 
.ApiHiidix  \'l. 

It  i^  nut  intriuli'il  in  tlii-  nport  lu  .iiit  iiipt  ,in\  ,in.il\  ^i-  nt  ihr  r.iiio  ivi-i  inn 
l(('"-.M'»'ii  prt'i  ii>ii,iii<in  ,iiii|  rnnnil  in  ilif  \\inni|>«'i;  Kixir  li.t-in.  Tin'  pri-i  ipi- 
l.tiiun  <l.it,i  .i\  .iil,ilili'  ,irt'  mil  Hiittii  ii'Ml  in  pimiil  i>|  uilur  ili.in  llic  inii»l  u<  ii'T.iI 
ilrilnctiiins  lii'in^  ilr.iwn,  wliilf  the  lun-nll  i|,i:,i  nn  Ii.iihI  \\.\\f  \hv\\  l,ir^i'i\ 
inMiiiiiri'ii  iiy  .irlilii  i.il  i  (inililiun^  nl  >-t(ir,iuf.  I  he  .iliuvi  r.i'ird-.  ,ui'.  Imwcx  iT, 
pnMi^lii'd  .!->  Ill   (iciirr.il  iiiiiTc-^i    to  tin    suiijii  i  ni.ii  itr  idxiTid   in   ilii^  npnrt. 

Il\  VI'iiKMliiV. 

I",\  ,i|Hir.ii  inn  ii*n,itl\.  Imi  nut  ,d\\,i\^,  lurnis  tiic  Kr<'.ili«i  ■.umii'  nf  Ins^ 
to  till-  rnii-<ilt  Iriiin  .in\    \\,ilfr^liril.      Tlie  r.ilc  n|  ia Mpnr.ilion  dilhrs  widely   in 
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dilTirenl  elim.itv's,  and  wiries  also  with  dilferent  classes  of  ve);et,ilion  ,ind  willi 
liiffcrent  classes  of  l,md  surface.  It  is  jiracticalK  iini)o-sil)li'  to  --fciire  an  a<(iir,ite 
estimate  of  what  precipitation  loss  is  due  to  evapoi,ition  oN'er  a  drain. i^e  h.i^iii 
as  a  whole,  owiii^;  to  the  other  lossi.  '  y  percol.ition  and  seepaj^e.  It  i> 
IV)ssil)le  to  secure  a  reasonably  close  estimate  of  the  loss  due  to  evaporation 
from  open-water  surfaces.  This  is  ])articularly  pertinent  to  the  W'innipej; 
I<i\er  watiTshed,  where  so  lar^e  a  ])ro|)ortion  of  the  l)a>in   is  hike  .irea. 

In  order  to  secure  definite  data  as  to  the  rate  of  I'vaixiration  from  waler- 
surfare  area  in  the  WinniiK^;  River  water-lied,  an  e%ai«iratii>ii  --tatinn  wa-- 
established  on  the  Lake  of  the  VVooils  in  the  vicinity  of  the  town  of  Kecwatin. 
This  station  is  centrally  located  in  the  western  jM)rtion  of  the  Wiimipeg  basin, 
and  in  view  of  the  lake  being  by  far  the  largest  and  most  important  of  the 
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regulatiiif;  ri'sorvoirs,  it  furnishes  data  which  arc  of  i)articular  interest  to  the 
general  storage  (|mstion. 

KVAroRATIOX    STATION. 

The  evaporation  station  was  established  on  May  1,  191.?,  the  etiuipment 
consisting  of  one  galvanized  evaporation  lank,  with  brass  pointer  and  measur- 
ing cups;  one  Howard  rain  gauge:  one  thermometer  for  water  temiieratures; 
one  recording  thermometer;  one  recording  barometer;  one  wind  gauge  of  the 
Robertson  type;  and  one  hydrometer.  This  ecjuipinent  is  fitted  to  record  all 
atmo.spheric  pluiiomena  which  will  affect  the  extent  of  cvajjoration,  as  well  as 
to  measure  its  actual  rate. 

The  tank  is  of  gaUanized  iron  and  is  35  inches  by  ^\  inches  by  18  inches 
deep,  braced  externally  by  diagonals  of  1  inch  by  1  inch  galvanized  angle  iron 
riveted  to  the  tank.  The  sides  arc  turned  over  at  the  to])  to  form  a  3-inch  lip 
in  order  to  iircvent  the  inllow  of  wave  wash.  In  the  centre  of  the  tank,  and 
soldered  to  the  boliom.  is  a  brass  ])ointer  14  inches  in  height.  The  tank  is 
supported  on  a  raft  consisting  of  four  t-inch  by  4-inch  by  16-foot  timbers  spiked 
together  at  the  corners.  The  sui)]X)rts  in  the  centre  of  this  raft  are  2-inch  by 
10-inch  timbers  ])Iaced  parallel  on  either  side  of  the  tank,  and  capjicd  by  2-inch 
by  4-inch  timbers  to  catch  its  edge.  The  raft  is  fastened  to  the  shore,  but  is 
free  to  moAe  with  the  wave  ~.  The  rain  gauge  is  supported  by  a  2-inch  b>-  10-inch 
plank  spiked  to  the  raft.     Plate  11  illustrates  the  installation. 

The  recording  thermometer  and  barometer  are  i)laced  in  a  suitable  shelter, 
close  at  hand.  The  winil  gauge  has  been  ])laced  on  the  top  of  the  Lake  of  the 
Woods  Milling  C"omi)dny's  Mill   (",   about  one-half  mile  from  the  raft. 

RKCORliS   AVAII.ARLK. 

Continuous  records  of  evaporation  ami  of  all  pertinent  meteorological 
data  have  been  secured  since  the  establishment  of  the  station  in  May,  1913. 
The  e\aporation  observations  were,  of  course,  discontinued  through  the  winter 
season.    The  complete  records  available  are  attached  in  Appenc'ix  V'l  in  table  51. 

The  comi)arative  evaporation  and  rainfall  in  inches  for  the  months  May 
to  Xovcmlier,  191,?,  and  April  to  November,  1914,  is  apy)ended  in  table  2. 

Table  2. — Comparative  rainfall  and  naporation  on  the  Lake  of  the  Woods. 
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invht's. 
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1    .") 

.(■.V4 
4JK 
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.f    f4 
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.(■4J 
4-(»H 

its 

=11  ■  5.) 
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1  -x; 
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2  (17 
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J-11 

'n-51 
0-62 
2-46 

May 

J'llv 

Aiimist 

SfptclilhiT 

(),  IoIhT 

.i-67 
.101 
2-66 
•1114 

NoM-mlicr 

Total 

i;i» 

21-69 

16   75 

\  \o  recoidn  .SLciiretl  in  April.  1MI3. 

"  ice  lormcii  oi;  Xovoinhii   /.  .ml  LWiri-iiatioii  ir^ui.U  ui-..uiil4i 

^  liv;ti)oratioii  reconls  coiiiincimtl  Ajirit  20. 

^  Kvaporation  records  discotitiiuicd  Xnvutiiber  14. 
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It  will  be  noted  that  (luring  the  sexeii  monilis  listed  in  I'M.^  tlie  ewiporation 
loss  of  17-18  incjies  ]ira<ti('ally  equalled  tlie  17-5-inch  rainfall.  In  the  eight 
months  listed  in  1914,  the  rainfall  exceeded  the  evaporation  by  4- 94  inches. 
The  records  do  not  as  yet  cover  a  sufticicnt  period  to  permit  of  an  anahsis 
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of  the  general  evajjoration  phenomena.  From  the  above,  it  is,  however,  apparent 
that  e\aporation  loss  from  surface  water  during  the  open-water  season  is  a  very 
high  percentage  of  the  rainfall,  and  there  is  little  tloubt  but  that  in  certain 
seasons  it  is  in  excess  of  the  same.  An  evaporation  loss  of  17  inches  over  the 
surface  area  of  the  Lake  of  the  Woods  is  equivalent  to  a  continuous  discharge 
of  10,000  cubic  feet  per  second  for  two  and  one-quarter  months.  Considering 
the  extent  of  the  lake  area  in  the  watershed,  the  evaporation  losses  are  therefore 
high. 

The  higli  ratio  of  evaporation  from  water-surface  area  does  not  of  course 
apply  to  the  basin  as  a  whole.  The  lack  of  widespread  precij)itation  data  with 
which  to  compare  the  run-off  from  the  basin,  prevents  the  setting  out  herein 
of  any  definite  general  ratio  between  the  two.  The  precipitation  at  Kenora 
for  the  years  beginning  October,  1912,  and  October,  1913,  respectively,  was 
18-96  inches  and  25-01  inches.  The  nm-off  for  the  two  calendar  years  of  1913 
and  1914  was  equivalent  to  6-12,  and  6-46  inches  over  the  drainage  basin.  The 
balance  was  mainly  lost  through  evaporation  and  percolation,  the  larger  part 
undoubtedly  being  due  to  evaporation. 

RUN-OFF. 

Run-off  in  general  is  dependent  on  a  variety  of  conditions  of  which  the 
controlling  features  arc:  precipitation,  topography,  vi  'ation,  and  climate. 
These  features  have  a  paramount  bearing  on  the  seasons  .  limits  of  maximum 
and  mhiimum  discharge.  The  seasons  of,  and  the  ratio  between,  high  and  low 
water,  and  the  facilities  for  partially  or  wholly  equalizing  the  run-off  in  extreme 
cases,  are  phases  of  preliminar>-  investigation  which  must  receive  thorough 
study  and  consideration  in  all  water-power  investigations.  Accordingh-,  one 
of  the  earliest  steps  taken  at  the  inceptitm  of  the  power  and  storage  investiga- 
tions in  the  Winnipeg  basin  was  to  secure  and  collate  all  existing  records  of 
temperature,  rainfall,  run-off,  and  water  levels,  etc.,  throughout  the  watershed, 
while  an  aggressive  campaign  was  started  to  augment  these  by  further  first-hand 
lecords,  secured  by  departmental  field  officers. 

The  Manitoba  Hydrographic  Survey  was  established  in  1912  as  a  sub- 
organization  of  tlie  Dominion  Water  Power  Branch,  and  as  a  logical  outgrowth 
of  the  Winnii)eg  River  j)owcr  survey  work.  An  aggressive  campaign  of  stri."am 
measurement  work  along  the  river  and  throughout  the  province  was  at  once 
commenced.  Durii  g  the  earlier  stages,  the  power  and  stream  measurement 
organizations  were  v^losely  intermingled,  and  the  respective  staffs  transferred 
from  one  survey  to  th'!  other  as  the  exigencies  of  the  work  demanded.  As  time 
passtxl,  it  was  possiL,^  to  organize  a  more  permanent  staff  and  to  place  the 
stream  measurement  work  on  a  more  satisfactory  basis.  The  two  surveys  have 
at  all  times  been  carried  on  under  the  direction  of  one  chi-.  engineer. 

The  rtm-off  records  from  the  commencement  of  1907,  which  are  now  avail- 
able, indicate  the  exceptionally  well-regulated  character  of  the  river  basin. 
Under  present  conditions  the  highest  flood  How  in  a  normal  year  seldom  exceeds 
fmir  times  the  minimum,  a  condition  which  is  vastly  different  from  the  rivers 
of  the  prairie  farther  west.     Typical  of  the  latter  might  be  mentioned  the  North 
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Saskatchewan  at  Edmonton,  where  the  maximum  flow  has  at  times  exceeded 
180  times  the  minimum.  This  favourable  feature  of  the  Winnipeg  renders  it 
peculiarly  adapted  to  hydro-electric  de\eIopment,  and  is  due  to  the  extensive 
lake  areas  with  which  the  larger  portion  of  the  watershed  is  supplied.  These 
lakes  form  equalizing  reservoirs,  collecting  the  surplus  waters  in  times  of  flood, 
and  gradually  discharging  the  same  during  the  low-water  season.  Owing  to 
these  favourable  conditions,  the  Winnipeg  is  not  subject  to  sudden  or  extreme 
floods,  and  the  question  of  regulating  the  various  pond  levels  at  the  jiroposed 
plants  presents  no  difficulties. 

Table  3,  herewith,  illustrates  concisely  the  highly  uniform  character  of  the 
river  flov  . 

Table  3.— Percentage  of  variation  of  the  flow  of  the  Winnipeg  river  at  Slave  falls 
from  the  mean  flow  of  the  seven-year  cycle. 


Month. 

1907. 

I'er  cent. 

4-27 
-11-47 
-.1.1-00 
-4.1 -.S.i 
-J7  (K) 
+   8-42 
+  2.1-85 
-r21-2I 
+4.1-65 
+64-47 
+  65-07 
+  52-80 

1908. 

1909. 

1910. 

1911. 

1912. 

1913. 

Mean. 

Per  cent. 

+42-6.1 
+4I-7J 
+21-J7 
+  10-2.1 
+  26-10 
+61  O.S 
+  66-2.1 
+  5J-I)2 
+  .18-87 
+  27-80 
+  9-85 
-  9-7.1 

Per  cent. 

-  4-17 

-  6-48 
-27-20 
-.15-41 
-21-48 

-  5  01 

-  4  66 

-  5-12 
-1.1-79 
-21 -.17 
-20-8.1 
-12-86 

Per  cent. 

-  2-10 

-  6  09 

-  7-84 
+  54 -.11 

^104-10 
+  .88., 17 
+  42-92 

-  4  47 
-24-09 
-.14  24 
-44-78 
-50-0,1 

Per  cent. 

-42-67 
-48-6.1 
-51-51 
-52-10 
-42-88 
-29   ()6 
-11-4.1 
+     1  -06 
-   4-04 
^    0  41 
-11    24 
-25-24 

Per  cent. 

-22 -.15 
-34-87 
-46-55 
-47-5.1 
-11-81 
+   8-68 
+    2-01 
-^    7-18 
+  1,1-75 
+27-91 
+  26  15 
+  1.1-71 

I'er  cent. 

+  8  28 
+   112 
-26   14 
-.10. 98 
+  9-73 
+  26-60 
+  14-11 
+    7-12 

-  2-29 

-  29  -  32 
-.19-42 
-43-07 

-  8-69 

Per  cent. 

-    2-33 

April..                

May..              

+  3-85 

+  22-72 

July 

AURU^t 

.^pteniber. 

October 

November 

December 

+  19  01 
+  11-43 
+  7-44 
+  5-09 
—  2  17 
-10  63 

Year  Mean 

+  li-2J 

+.12-43 

-14-86 

+  9-67 

-26-45 

-   5  31 

This  table  is  based  upon  discharges  recorded  at  the  Otter  and  Slave 
Falls  metering  stations  for  the  years  1907  to  1913,  inclusive,  and  shows  the 
percentage  of  variatitm  of  the  mean  monthly  discharges  from  the  seven->ear 
mean  flow.  The  largest  monthly  variation  was  that  for  May  in  the  ji'ar  1910, 
when  a  discharc  c  ^OA-S  per  cent  above  the  average  occurred.  On  the  other  hand, 
52-1  per  cent  '  .  low  the  average  occurring  in  April,  1911,  forms  the  lowest 
monthly  mean  on  record.  The  mean  yearly  flows  show  a  variation  of  32-43 
per  cent  above  for  1908,  and  26-45  per  cent  below  for  1911. 

It  is  well  to  note  here  that  the  controlled  regulation  in  the  Lake  of  the  Woods 
and  kainj-  lake  has  had  cc.siderable  beneficial  elTect  in  equalizing  the  discharge 
of  the  river  below  Kenora,  although  such  control  to  date  has  largely  lacked 
that  effectiveness  wliich  a  careful  investigation  of  the  entire  run-off  conditions 
would  render  possible,  and  which  it  is  hoped  will  be  reached  in  the  future. 

AVAILABLE    RECORDS    IN    HASIN. 

Slave  Falls  Metering  Station. 

During  the  reconnaissance  trip  down  the  Winnipeg  river  frnm  Kenora  to 
the  mouth,  taken  by  the  departmental  and  consulting   engineers  prior  to  the 
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ri)iiini(.iutiiunt  of  the  detailtd  power  sur\iy  work,  one  of  the  principal  points 
kept  ii'  view  was  the  selection  of  a  metering  station  suitable  for  recording  the 
complete  nin-uff  from  the  I)asin.  Any  station  located  along  the  main  river  in 
Maniloha  W(jul(i  he  satisfactory  for  this  purpose.  The  site  fixed  upon  as 
ottering  tlie  most  favourable  conditions  for  metering  is  located  just  above  Slave 
tails,  about  6  miles  below  I'oint  du  Hois.  The  river  at  this  jxiint  is  sufficiently 
narrow,  and  the  banks,  which  are  of  solid  granite,  sut'liciently  high  to  permit  the 
establishment  of  a  c.ible  station.  Below  this  point  there  is  a  drainage  area  of 
.^,860  sfjuare  miles,  of  whicii  the  Whitemouth  and  Bird  rivers  drain  the  major 
portion.  Records  of  the  former  are  available  from  May  2<),  1<J12,  and  are 
publislud  herein.  For  the  purpose  of  study  in  this  rejjort,  the  Whitemouth 
records  are  omitted  from  consideration,  and  the  Otter-Slave  Falls  records  arc 
taken  as  rei)resenting  the  discharge  available  along  the  i)ower  reach  for  the  entire 
hydro-elec'ric  scheme.  Such  an  assumption  simplities  the  discussi(m  and  does 
not  material'y  differ  from  the  actual  conditi(jns. 

At  the  time  of  the  reconnaissance  trip,  metering  stations  had  already  been 
established  along  this  reach,  both  by  Messrs.  Pratt  and  Ross,  engineers  of  the 
Winnipeg  Fllectric  R.iilway  Omipany,  and  by  the  engineers  of  the  city  of 
Winnipeg  in  connection  with  the  municipal  \w\\w  undertaking.  The  company's 
engineers  made  their  measurements  at  Otter  falls,  located  abouc  \\  miles  al)o\e 
the  present  diversion  weiis.  \o  cable  station  was  establishe.l,  the  readings 
being  secured  b\  boat  during  the  open  seascm,  an-;  om  ice  cover  throughout 
the  winter.  Measurements  were  taken  at  intervals  throughout  the  \ears  1907 
to  1911,  inclusive  the  gauge  heights  afterwards  l)eing  referred  to  the  lower 
gauge  at  Poin*  Bois.  The  city  metering  statitm  was  located  about  10  miles 
below  Vr'  (lu  Bois,  se\eral  measurements  being  secured  here  during  tho 
winters  of  1910,  and  1911. 

On  tile  readings  secured  from  these  two  staticms,  referred  to  the  Point 
du  Bois  gauge,  are  based  the  records  of  the  river  in  Manitoba,  u])  to  the  dale 
of  the  regular  metering  instituted  by  the  Dominion  Water  Power  Branch. 

In  October,  1911,  the  cable  staticm  at  Slave  falls  was  c-stablished  by  the 
field  officers  of  the  power  survey,  rontiniious  meterings  have  since  been  secured 
at  this  station,  some  115  measurements  being  made  to  the  end  of  1914.  As  the 
river-bed  at  the  station  is  of  permanent  rock  formation,  the  gauge  readings  alone 
wiil.  once  a  completely  delined  rating  curve  is  determined,  furnish  continuous 
discharge  records.  The  development  of  the  Slave  Falls  site  will  necessitate 
the  establishment  of  a  aew  station. 

The  statiim  is  under  the  same  disadvantage  as  were  the  two  established 
by  the  city  and  the  company,  in  that,  due  to  the  unsettled  natf..-e  of  the  country, 
no  gauge  reader  is  available  (mi  the  ground.  The  records  have  lieen  referred 
to  the  city  gauge  a  Point  du  Bois.  This  gauge  is  located  in  a  bay  just  below 
the  iiower  station,  readings  having  been  taken  since  January  2,^,  1907,  thus 
rendering  available  a  run-otT  record  from  that  date  onward.  Tiie  level  recorded 
by  the  gauge  is  controlled  by  the  Eight  Foot  falls,  this  being  the  only 
break  between  the  gauge  and  the  metering  station.  I'ntil  the  winter  of 
1910-11  the  F'ight  Foot  falls  discharged  uiukr  natural  conditions.  During  thi> 
season  an  endeavour  was  made  on  the  part  of  the  municipal  engineers  to  pro\ide 
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for  a  !)elteT  ri'gulation  of  \hv  laiKvatiT  k\rl  of  ilic  ciiy  |)laiii  during  hi^li-watcr 
conditions.  To  this  I'lui,  a  cut  was  made  tlirough  the  rock  rid^c  o\it  wliicli 
the  Kiglu  Foot  falls  occurs.  This  cut  is  120  feci  in  width  and  ISO  feci  in  iciiKlii, 
with  tile  bottom  cliAation  at  027.1  (Water  I'ower  SurM'\  datunil  at  the  ni)|)er 
end,  and  with  a  2  i)er  cent  uriKle.  The  cut  was  ni.ide  on  the  right  river  bank 
irnniedialely  adjacent   <o  tiie  channi'l.     A  second  cul  is  also  contemplated,  but 


I'alilr  St.itioii  M  Sliivc  I-'.ills. 

as  \et  no  a(  live  steps  li.i\e  been  taken  in  this  connection.  Dili'  to  the  ciitlin,i; 
of  this  ciiannel,  the  discharge  curve  for  Otier  falls  cannot  be  used  lali'r  than 
June,    1911. 

The  readings  of  the  gauge  ha\e,  to  a  certain  e.\tenl,  been  inthienced  b\'  liu' 
daily  tlucluation  of  the  power-sialion  loads.  'l"he  jiond  above  is  6.500  acres  in 
;ire;\,  forir.i'iij;  ;}•■■:  ;!!H|'.!i'  li^vin  for  local  st(>r;',;<'-  S',;ddrn  incre;isr  in  \hc  load 
involves  a  draw  on  the  pondage,  with  a  consequent  higher  record  on  the  gauge 
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than  the  actual  river  disrhargc  woulil  register.  Similarly,  liKhtening  the  load 
involves  storage  in  the  iM)n(l  and  lower  gauge  readings  below  until  eiiuililirium 
is  restored  by  the  automatic  discharge  o\er  the  free  spillways.  There  is  also 
a  slight  back-water  effect  during  prolonged  j)eriods  of  very  extreme  cold,  due 
to  ice  formation  at  Eight  Foot  falls.    This  is  not  a  freiiuenl  occurrence. 

While  the  l.iilwater  gauge  readings  have  been  influenced  by  these  conditions 
since  tlu'  ])!ant  was  ])laced  in  opt'ration  in  October,  1911,  the  errors  ha\e  largely 
balanced,  and  the  records  secured  closely  represent  actual  conililions  from 
month  to  moiilli.  .\s  the  turbine  installation  is  increasi-d,  the  fluctuations, 
with  tlu'ir  a(herse  influence,  will  become  more  marked.  An  automatic  gauge 
is  now  being  instalKd  at  Slave  falls  to  eliminate  errors  arising  from  this  lluctua- 
tion. 

Shnr  Fulls  DiscUnrtu'  Records.-  -Tha  complete  records  of  the  run-off  at 
Otter  and  Slave  falls  are  to  be  found  in  Appendix  \'ll,  tables  52,  5,?,  and  54, 
and  in  grajihical  form  in  ])late  '  2.  For  convenience  of  reference  the  mean 
monthly  (lows  are  published  herewith  in  table  4. 

Table  4.— Mean  Monthly\Dischar^e  of  the  Winnipeg  River  at  Otter  Falls,  1907-  10. 

and  at  Slave  Falls,  1911-14. 

[Draina&e  area  above  Otter  Falls.  50.550  square  miles;  abot-e  Slave  Falls,  -49,71)0  square  mi7«.l 


January 

February. . , 

March 

Ai>ril 

May 

June 

July 

August 

September. 

f ).  tober 

NovpTiiber. 
Uuccniber. . 


Maximum. , 

Minimum. . 


1907. 

1908. 

1909. 

1910. 

1911. 

1912. 

1913. 

1914. 

Scc.-ft. 

Sec. -ft. 

Scc.-ft. 

Scc.-ft. 

Sec.-ft, 

Sec.-ft. 

.Sec.-ft. 

Sec.-ft. 

Jfi.QfiO 

Jft,880 

24.770 

2.1,260 

14.820 

20.080 

27,996 

13,703 

n.»m 

,f6.hS0 

24.180 

24.28(1 

13.280 

10.840 

26.145 

13,253 

17,.U'() 

.11,. 180 

18.8.- 

23,8.10 

12.540 

13,820 

19.095 

13,845 

14..S<)0 

28,. 100 

16,700 

39 , 9(X) 

12,190 

I3.5'0 

17.847 

14,589 

16,21)0 

32,600 

20,300 

52,820 

14,770 

22 . 8(K) 

28.370 

18.745 

28,0,il> 

41,670 

24.560 

48 , 690 

18,. 140 

28.100 

32,733 

31,480 

J2.n20 

.( 2 .  980 

24.li.';o 

36 , 950 

22,900 

25.380 

29,, 103 

34,735 

,n..i4n 

39 .  .S60 

24..S,iO 

24,700 

26.1.10 

27.710 

27,695 

31.550 

37.14(1 

3.S .  900 

22.290 

19.6.10 

24.810 

29.410 

25.203 

25,1,0 

42.,"i>0 

i.\ .  040 

20.3.10 

1 7 .  (KH) 

25.960 

33.070 

18,275 

24,805 

42,6)iO 

28,400 

20.470 

14.280 

22,950 

32,610 

15,662 

21,2.10 

3«,.S(K) 

23.340 

22.. S.iO 

12,920 

19,3,10 

29,400 

14,722 

19.840 

20,272 

34.242 

22.011 

28., 155 

19,018 

24,483 

23,609 

21.9','S 

4.1, ««) 

43.980 

28 ,  480 

53.440 

27,220 

34.780 

i2.m 

35.400 

14, 41)0 

21,060 

15,100 

12,400 

11,700 

12.300 

14,722 

11,700 

Mean. 


Sec.-ft. 

23,809 
22,189 
18.831 
19.751 
25.837 
31.7(H) 
3I.20S 
29.112 
27,577 
20,875 
24,781 
22,698 

25,373 

53,440 
11,700 


NoTK. — The  ninntlily  mean  for  January,  1908.  xi  the  mean  of  the  last  nine  days  of  the  month  only.     The  ina.\inium 
and  niininium  tii.si.lnri;es  reft*r  to  daily  tiow. 


Reference  to  the  table  indicates  the  uniform  character  of  the  discharges 
during  the  eight-year  cycle. 

A  discharge  of  25,37.S  second-feet  represents  the  average  flow  for  the  eight- 
year  period.  The  year  lOOS  with  a  mean  of  vU,242  second-feet,  and  1911  with 
a  mean  of  19,018  second-feet  are,  res]iectiveh-,  the  years  of  maximum  and 
minimum  flow.  The  highest  monthly  mean  recorded  is  52,820  second-feet  in 
M.iy,  1910,  and  the  lowest,  12,, WO  second-feet  in  Ajiril,  1911.  Slightly  more 
extreme  daily  flows  have  occurred,  as  53,440  second-feet  on  May  7,  1910,  and 
11,700  on  several  dates  in  1911.  This  low  discharge  only  held  for  a 
day  at  a  time,  and  for  al!  jiraelica!  purpubcs,  12,000  second-feet  may  be  taken 
as  the  dependable  low  discharge  throughout  the  jjeriod.    Undoubtedly  had  the 
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ll7«ni/)«-i;  Rntr  Pmier  und  Slonme  Inveatii^at 


ions. 


AS 


infl,u.na>  of  tho  I.ak..  .,f  ,1,.  W.hkI.  rc«ula,i..„  |„...„  n-muv.,!,  .lu-  hi«h  an.l  l,.w 
l.m.t.  woul.l  hav..  lK..,n  much  more  c-x.r.m..  .ha„  l,a.  I....,,  .lu-  .as. 

HiKh-wat.T  mark,  al-nR  tlu-  l.ank.  w.ul.l  in.li,  at.-  a  nui.l.  n..,r..  .ri..,,,  ,1.h,.| 
than  ha.  tak.n  ,,a...  .lurinn  thf  ,  y.  k-  un.l.T  .IIm  ussi,.„,  ami  KMMHM.  s...  „„.l-f...., 
w.n.1,1  m..rc.  „..arly  reprcsc-nt  the  II.hhI  .Mm  har«..  whi.h  ha,  ,ak..„  pla..-  in  ih.. 
JMst.  Ih,s  h«ur..  fn,n,  a  .an-ful  Mu.lv  ..f  all  .suU;u:  ,.,  han.l.  is  .onsi.k.r...! 
the  outM.I.-  ..nn,  .,f  ,I..kI  ...  h.  .-xp...  u-.l  nn.kT  natural  ...n.li.i.ns  in  ,h.-  hasin 


Pinatm   Channel  Discharge. 


Prior  to  thi-  lo 


onstriKtion  of  th,-  WinniiHn  Kk-.-iric  Railway  Comi.any's 
ix.wcr  siafon.   the  .hs.harj,.  down   the   I'inawa    .hann.l     was    only    a    small 


Metering  Stati.m  on  Pinawa  Channel. 

I.r<.p<.r,ion  of  ,he  river  flow.  However,  the  construction  of  the  .-on.pany's 
•  i.vers.on  we.rs  across  the  main  river  channel  resulte.l  in  a  ver^•  material  change 
m  these  c.n.ht ions,  an.l  at  the  pr.-s.n,  time  a  fairlv  uniform  (low  is  maintaine.l 
.n  the  channel  at  all  seasons.  Ih.rinK  perio.ls  of  lou  river-run-off,  this  flow 
t.)rnis  a  hi^h  percentage  of  the  total  river  discharge. 

The  disch.in;.-  down  the  channel  is  <k-pen.lc,U  on  the  water  Icvc^l  al.oNe  the 
we.rs,  whtch  i.v.l,  owmg  to  the  fact  that  the  weirs  act  as  fr.v  spiliwavs,  is  in 
urn  d.rectly  ....p.^uknt  on   the  sta.o  in   the  river.     A  control  .kun  near  the 
I.ea.i  of  the  .ha.nul  p..rmits  the  cuttinR  off  of  the  entire  I'inawa  How  if  ne.essarv 

-M.t.Tn.Ks   uero   taken   below   tiie  .-ontrol   dam   hv   the  e.iKi.teers  of   .lu- 
company  .lur.nj,  the  j  ears  1907  to  1<;11,  inclusive,  and  l.v  the  f.eld  oftHc.rs  of 


■■in-Viv  (iuiiiiK  liie  ye.irs  foljowini.'-     'I  lice  i 


!h>'  M:M,i,,>!v:  I!..!;.;- 

.nents   lune   i„vn   reterrcl   „.  a  Kau,e  k,cale,l   inun...li.uclv   helow   the  .on.rol 
<lam    reconis  ot  winch,   .w.h  the  excvp,i„n  „f  the  >e.-,r  l-MS,  are  avail,.!,!.-  .i,,... 
isb.s  1 6     ,1 
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c-i'-ly  in  I'MW,     Dm-  lo  tht-  abnonii.tl  foiuliiioii*  ari^iiiK  fnuii  ire  furmalioii,  thr 
'       I'Watcr  ilistliarni-  tiirxc  it  not  applii  alili-  (luring  ilu'  wiiiti-r  MMHun. 

The  a\ail.ililr  ritonU  an-  In  Ik-  fniiiicl  in  ialii<>»  55,  5(),  ami  57  in  .\|>|M'ii(|ix 
V'll.  For  till'  <.|Hii  MMNons  taliiilaUil  the  ilJMliarn"  li.is  varit<l  fruin  4,|IM)  to 
11,225  rul)ic  Ifft  |KT  sfioiul. 

Tlu-  iiitirr  llow  is  not,  as  ,i  nilr,  fiillv  utili/i<l  at  the  pi. ml,  llun-  luifiu  an 
almost  (iiiiiiniKMis  wa^iam'  o\»r  itic  -.piilw.iv  d.m).  riirounli'iiii  ilii-.  n|M>rt, 
a  flow  of  K  (HID  ('ul)i(' li't'i  pi'f  M'cotui  has  lifi-n  assiiincil  iu'<i>s,ir\'  to  pro|Mrl> 
ojnTati-  the  fxiwiT  station,  whirh  hniiri-  is  iiascd  u|Min  a  rariful  r.iiinu  of  liu' 
ittalion  liv  till'  field  olVicers  of  tiiis  hr.mi  h.  It  is  considered  ,ini|)l"  to  nieei  ilie 
Btatiun   re(|uirenients. 

iMke  of  the  Woods  Outlets. 

I".<iua!ly  im|Kirtanl  as  the  run-ofT  of  the  iKiwer  re.uii  of  the  river  is  an 
accurate  record  «»f  the  discharne  from  the  Lake  of  the  \V<mk1s.  This  lake  forms 
the  great  natural  re^'ulatin^{  resi>r\oir  for  the  basin  alKive.  Its  location  in  the 
watershed,  with  reference  to  both  the  |M)wer  reach  and  to  the  drainaKC,  rendered 
a  thorough  kaowlwlRe  of  its  run-off  ess-ntial  to  a  pro|K,'r  (lower  and  storage 
study:  hence  earl>  stejis  were  taken  to  obtain  the  necessary  <lata. 

A  very  conii)licated  situation  exists  at  the  outlets  of  the  lake,  as  will  Ik?  seen 
by  ri'ference  to  plate  1.^.  Some  description  of  the  same  is  therefore  necessary 
in  order  to  convey  a  pro()cr  appreciation  of  ihi-  involved  nature  of  the  stream 
measurement  work  re(|uired. 

The  lake  <Iiscliarnes  through  several  outlets,  both  natural  and  artificial,  all 
of  which  are  now  subject  to  artificial  control.  The  two  main  and  natural  outlets 
calli-d  resiK-ctively  the  ICasi  and  West  Branches,  are  located  within  the  town 
limits  of  Kenora.  The  ICast  Branch  is  now  closet!  by  the  municipal  jKjwer  station 
oi  t'le  town  of  Kenora  (plate  M),  developinj;  a  drop  of  s  )iuc  20  feet,  under  normal 
comlitions.  Theajiproacli  ti  he  ■>  wer-lioi!:.>-  I  by  a  soinewhai  narrow  channel, 
in  which  there  is  a  slight  current  of  strength  deiiending  on  the  load  on  the 
turbines  and  the  surface  level  of  the  lake. 

The  power  slalion  conipIeteK-  closis  the  channel,  with  the  I'xception  of  the 
log  slide  adja<enl  to  the  ji-fi  bank.  It  contains  b.iys  for  six  main  and  two 
exciter  units,  four  <jf  the  main  iniits,  together  with  llu-  exciters,  iK'ing  now 
installwl.  The  station  is  more  fully  descriln-d  in  chai)ler  \'.  The  pres.'iit 
controlli'd  Mast  Branch  discharge  is  carrii-il  through  the  turbines,  with  the 
exce))tion  of  a  small  amount  passed  through  the  log  slide. 

The  West  Branch  discharge  Iea\es  the  lake  about  2,500  feet  west  of  the 
eastern  outlet.  Between  the  two  branches  lies  what  is  known  as  Tunnel  island. 
Lea\  ing  the  lake  in  a  north-easterly  direction,  the  channel  is  spanninl  by  a  vraffic 
bridge  and  by  two  bridges  of  the  C.inadian  Pacific  Railway.  Turning  through 
consitlerably  more  than  a  right  angle  it  flows  in  a  westerly  direction  to  the  end 
of  Tunnel  island,  midway  in  which  reach  is  locateil  the  Norman  dam.  Roimding 
Tunnel  islantl  the  channel  turns  again  to  the  northeast  and  joins  tl.e  East 
Branch,  the  length  of  the  total  course  Iwing  some  2^i  miles.  The  Norman 
dam  (plate  38)  is  a  solidly  built  masonry  structure,  designed  on  the  principle  of 
stoplog  control,  with  discharging  capacity  sufficient  to  regulate  the  lake  level 
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a»  ilrsiml.  It  wai«  c.riKinally  ron^Jnutwl  fc.r  |M.wir  puriKws,  and  ixiwtr  >liiit  .h 
h.i\<-  Ik-«ii  left  al  .iilur  .n.l.  The  n-ntral  iw-iiioii  of  the  dam  n.nmntH  t.f  a 
riKk-lill,  hatktti  «.ii  ilu-  U|»>tr.Miii  side  by  fm.T  niatiTial.  This  H,.rti..ii  ..f  tlic  dam 
has  nowr  Ih'ch  imiMrvious,  due  pn.liaMv  to  tin-  fart  that  no  |Miwir  toMHtnuiion 
li.is  iM.n  f>r.Mvcdc«l  with,  and  tht-  n.-(.>siiy  for  inakinR  th«-  siniriuri-  wattr-lii{ht 
han  not  U-.  II  pu-.siiiK.  I'll.-  haka««>  through  tht-  riK-k-lill  u  rontinuoiis,  and 
rrailu-s  hlK'h  pto|M.riionH,  varyioK  with  tht-  lake  li-vd  from  alx.iit  2,<MM)  to  4,5(K» 
Miotul-ftct  at  time-,  of  low  and  hiyh  water,  rt  «.|M-(tivfly. 

H<.lh  Ihr  pow.r  and  tht^  r.-KiilatiiiK  ^\W.vv-.  are  i|o';-<l  hy  Moploys,  md  uj) 
to  date  liavc  turn  avaiaMe  for  reKulatinK  pur|x.s,-s.  I'mk-r  normal  c.iiKlitions 
then-  is  <oi;>id.r.il.!c  Uakaye  liiroiiKh  tlio  ^Uli(■«■s,  dm-  to  the  iim'  of  ..Id  Io^h 
ami  the  dirticiltv  ol  pio|Milv  pla<  in^  the  miiu-.  As,  howtx.r,  thtre  has  Utii 
at  pra<ti(ally  ill  linus  up  to  the  prm-nt,  a  suipiiiH  of  watn  over  that 
re.|uir.(l  for  p.,u,r  pnr|«.M's  at  the  outlets  from  the  lake,  this  liMkane  ha,  not 
Uen  ot  im;>o!taM<f.  .md  has  not  merite«l  attention  liy  the  jxiwer  ustrs.  Ihe 
onlv  exreplion  t..  this  ennilition  occiirre.l  in  the  year  lyU,  when,  «lue  to  the 
extremely  low  w.iler  in  ilu  lake,  lomhined  with  a  (XTioil  of  low  general  runoff, 
it  iHTame  n.tcssary  to  conserve  the  available  water.  lo  this  end  the  lo^s  <.f 
th.- sluiceways  were  tinhteiied.  .iiid  str.iw  was  use<l  to  choke  the  rem.tiniiiK' le.iks. 
Mats  were  .dso  sunk  al.o\e  the  stone  till  for  the  same  purpose-.  The  dam  is 
referred  to  in  greater  detail  in  chapter  V. 

Farther  west  alouR  the  lake  shore,  is  locale<l  Portage  l..iv,  on  the  shores 
ol  whi.h  is  built  the  town  of  Keew.iiin.  This  b.iy  is  s*'parati-<l  from  the  riv.-r 
IhIow  by  a  rock  ridRc,  ilimunh  which  thrc  outlets  now  dt^char^e  waters  fmin 
the  lake.  Of  tlu  se  outlets,  two  are  entirely  artificial  and  have  Inen  constructed 
for  [wwer  and  industrial  purix.si-s.  The  third  outlit  prol.ablv  discharned 
naturally  duriiiv;  extreme  hi^jl,  water  in  the  hike. 

The  most  easterly  cut  was  made  in  18H1,  the  ijower  In-inR  used  for  the 
oiK-ralion  of  a  saw-mill.  Discharge  throuRh  ..lis  cut  has  not  In-en  continuous, 
It  bemn  f  loM'il  for  long  perio<ls,  at  different  times,  <lue  to  lack  of  dcni.md  for  the 
ix.wer,  and  to  change  of  ownership.  In  lOO.S  the  site  w  .s  ac.piired  by  the 
Keewalin  llour  Milling  Company,  .md  the  Hume  was  ne.irlv  doubled  in  si/e. 
Ihe  following  Near  the  K.HW.itin  Flour  .Milling  C.mp.my  was  purchased  by  the- 
Lake  ol  tiic  WoikIs  Milling  Company,  and  in  M.iy,  l'>()7,  the  present  mill  "C" 
was  put  in  oper.ilion.  IVoni  this  <late  onward,  the  mill  has  been  o|R-rate<l  and 
the  <liscliarge  through  the  cut  continuous.  The  entire  flow  through  thischannel 
IS  utih/.'d  b>  the  mill,  riic  discharge  fnmi  the  turbines  is  convev<-<l  to  the  river 
below  by  a  lail-r.ice  excav .ued  through  the  solid  rock  below  the  mill. 

-About  480  feet  westerly  alf.ng  the  shore  from  the  above  channel,  a  second 
intake  has  iK-en  cut,  also  in  connection  with  the  milling  industrv  This  cut  wis 
UKule  in  1887  by  the  I.ake  of  the  Woods  Milling  Com|,anv,  in' connection  wiih 
m.ll  "A."  The  discharge  through  the  channel  has  been  constant  since  that 
date.  The  entire  flow  through  the  channel  is  utilizc<l  by  the  mill.  The  discharge 
from  the  turbines  takes  place  directly  into  the  river  below,  ihese  mills  .^ro 
more  lully  co\ere<l  in  chapter  V. 

The  third  outlet  from  Portage  bay  is  known  as  the  Kei^watin  Lumber  and 
Manufacturing  Compan\-  outlet,  and  leads  from  the  extreme  westerly  end  of 
86376—5^  ' 
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the  l)ay.  This  ind  \Vii>  forimilN  Mocked  with  nuiskii;  and  hy  a  ridge  of  rock, 
wliicli  prevented  olltllow,  exi  eiiliiij;  possiliKchiriiii;  times  of  liij^di  \v. iter  in  the  lake. 

In  1J<7<>,  a  puwer-liouse,  tonetlier  with  i  hea<i-raee  some  41)0  feet  in  length 
and  4(1  fiet  in  widlii  in  its  n.iirowest  part,  was  eoiistriuled  liy  tile  Keew.ilin 
I.iiinher  and  Mamifaeturiiij;  Conipain.  The  iiead-raeu  was  a  timber  strnilure 
partially  iti  earth  excavation,  with  the  exception  of  a  small  rock  cut  immediately 
al»o\e  the  jxAver-hotise.  Tlie  mill  w.is  placid  in  opiTalion  in  June,  1880,  and  the 
mi'1-race  di'cpened  in  1885.  The  tail-race  discharges  into  Mink  hay,  and,  at 
ap|)roximatel\'  1  mile  west  of  Keew.itin,  Mink  bay  discharges  into  Darlington 
bay,  an  inlet  of  the  W'innipi'g  ri\er,  through  a  tunnel  cut  in  solid  rock  through 
the  Canadian  Pacihc  Railway  right  of  w.iy. 

Tile  power  developed  was  used  in  the  operation  of  a  saw-mill,  together 
with  a  planing-niill.  The  saw-mill  was  destro\cd  b>-  tire  in  the  fall  of  1'>().S,  and 
was  ne\er  rebuilt.  The  pl.ining-mill  was  operated  in  1^06,  but  since  that  dale 
the  outlet  liaslieiii  c'osed  l)>  sto])  logs. 

Meleriiij^s  at  Ouilels  of  the  Lake  of  the  Woods.  -'VW  above  brief  descripti(jn 
of  the  outlets  of  the  lake  is  sufhcieiU  to  indicate  that  the  work  of  securing  satis- 
f.tctory  discharge  measurements  is  somewhat  invoKcd.  This  is  [)articularly 
the  rase  in  attempting  to  analyse  the  past  Hows  through  the  various  outlets. 
Difficulty  was  also  experienced  in  locating  a  satisfactory  station  to  record  the 
combined  disi  liarge  from  the  lake,  i\\\v  to  the  channel  below  being  broken  by 
islaiuU,  and  widening  into  large  lake-like  areas. 

I'rior  to  the  sireuii  gaugings  of  the  Dominion  W'ati'r  Power  Branch,  little 
discharge  data  had  been  secured  around  the  lake  outlets,  and  no  attempt  ii ad 
been  made  to  obtain  continuous  discharge  records. 

The  hrst  measurement  secured  on  the  Kastern  Branch  was  taken  on  July 
2'),  l')(),^,  by  Pringle  iV  Sons,  engineers  in  charge  of  the  construction  of  the 
Kenora  jxiwcr  station,  'i'he  discharge  reconleil  was  4,122  cubic  feel  per  second, 
with  laki'  at  elevation  1,().Sy  3,  Water  Power  Surve>'  datum.'  Iwo  meterings 
were  made  by  the  ol'ficcrs  of  the  Hydro-f'^K'ctric  Power  Coinmission  of  Ontario 
on  October  14,  I'JO.S,  .ind  .April  8,  l')0(),  the  discharges  secured  being  5. MO 
and  4,490  cubic  teet  jier  sicoiid,  ris])ectivtl\  ,  with  the  lake  level  ai)proximatily 
1,(K)()1  and  l,()5<)-4. 

In  order  to  secure  a  record  of  the  ]iast  di--cliarge  through  this  outlet  the 
jiower  station  has  been  rated.  During  the  sumnuT  and  fall  of  1912,  discharge 
nie;'suremeiits  weri'  made  \t\  the  lield  enginetTs  of  the  WatcT  Power  Branch,  at 
a  section  below  the  power  house  and  King  between  Old  I'Ort  island  and  the  ni.iin 
shore.  This  section  was  discontinued,  due  to  the  channi4  being  altert'd  by  blast- 
ing an<l  ex<avation  on  the  \y."-\  of  the  Dominion  Public  Works  Di'|)artment, 
and  also  due  to  ijie  tact  thai  liie  discha''ge,  on  account  ot  a  large  bay  iiiter- 
wiiing  .1)1(1  I(  luling  to  eiiu.ilixe  the  llow,  did  not  respond  rapidly  to  a  change 
in  the  discharge  ai   the  ])owir  st.uion. 

In  I\4)riiary,  1V1,\  a  st.uion  w.is  esl.iiilislu'd  abow  the  new  ])ower-house 
.u\d  .il  ■ippio\ini.iu4y  ihc  (irst  ot  tiie  old  K.l-k.i-be-kitchew.in  fails,  now 
lloodrdoul  by  tile  ]>i,wi'r  pl.iiil  fun  bay.  t  ])  to  December  .U ,  1'M4,  some  12.S 
discharge  nuasuri  luenls  ha\e  been   l.ikcii  ;!t   this  si'Ctioii.      ke.uliai;.- of  1oreba\' 


IT/ ;;/;;/'(■;'  Rlvrr  I'owr  niiJ  Sii^-'fc  liivcs'/rj^iiiions. 


(,') 


and  tail  race  ^aii^;cs,  t(>v;ctlirr  witll  lo.ul  an.l  \a!vc  readings,  were  niailc  wliilr  I  he 
mclcrinjis  were  in  progress,  anil  .i  ralintiof  I  lie  powiT  sialion  SfCiirc'<!.  Inchidc!!  in 
llif  nu'liTiniis  was  tlic  dis(liaii;c  tlin)ii);li  a  \'-slia])fd  -.pill\va\-  or  loi;  cluitr.  This 
loi;  rluilc  lias  lici-n  kept  |)arliall\- ojn^n  in  order  In  inaiiilain  sntticiint  water  in  the 
tail-rare.  The  dischap^e  tlinmKli  this  chiih'  has  Keen  calculated,  and  the  net 
dischari;<'  throii^li  tile  luiwerdlolise  olitained.  The  meterings  on  wiiich  the 
ratiiiK  curve  is  based  are  i)ul)lislied  in  Appendix  \il,  tahle  0(1. 

1  he  new  i)()wer  station  coniineiu<'d  operation  on  l(liruar\  0,  1<)()7,  ilie 
wheel  installation  at  this  <late  iieini;  tiiree  4()-iii(ii  S.mipson  (win  hori/onlal 
turliines.  connected  In  the  ijeneralor-,  and  two  .lO-incii  Saniiison  twin  turbines 
connected  to  the  excitirs.  No  further  additions  wire  jiiade  to  the  st.ition  until 
V)l^.  The  discharge  through  the  station  lias  shown  a  fairly  constant,  if  slow, 
growth.  Commencing'  in  .Xu^ust  of  1<)(I7.  the  water  re(|uired  .iverat;ed  .iliout 
,S5l)  second-feet,  which  during  the  followiii);  winter  with  the  conseiiuent  he.ivier 
load  increased  to  7H(I.  During;  the  followini,'  years,  increases  were  recorded  from 
lime  to  time  the  How  readiin^;  as  hi^di  as  1,700  second-feet  in  Fehniaryof  1912. 
I  his  was  an  e.vtreine  condition,  the  a\eraj4e  How  re(iuired  at  present  being 
more  in  the  neighbourhood  of  1,.^()0  second-feet. 

t)n  the  western  outlet,  but  fi^w  ine.isurenu'nts  were  secured  prior  to  the 
work  of  the  Water  Power  Mianch  engineers.  In  connection  with  the  con- 
struction of  the  Norman  dam,  Mr.  William  Kennedy  secured  two  meterinjjs 
of  this  outlet,  the  first  on  November  11,  !«<)_>,  and  recording  22, .SO,^  cubic  feet 
per  second,  and  the  second  cm  May  26,  1H<),?,  recording  l.S,<),<7  cubic  feet  per 
second.  On  October  IS,  1')0.S,  the  officers  of  the  Hydro-F-Ilectric  Power  Com- 
mission of  Ontario  securid  a  .uauginu  of  22,000  second-ftrt  at  the  Norman  dam. 
In  Jtme,  1<>12,  a  station  was  established  at  the  Norman  ir.iftic  bridge,  at  the 
entrance  to  the  channel.  Twent\-eight  meterings  were  secured  here  by  officers 
of  the  survey  stalY,  throughout    1012  and  1'>1,?. 

This  st.ition  w,is  established  in  order  to  secure  a  record  of  the  leakage 
through  the  .N.innan  d.im,  under  v.irious  conditirnis  of  lake  level.  Since  the 
discharge  through  tiiis  ihannel  is  dependent  on  two  controlling  conditions, 
I.e..  the  lake  level  and  the  number  of  logs  in  i)lace  ,it  the  dam,  both  of  which  are 
const. iiiily  cii.inging.  the  sl.iiion  was  not  suil.ible  lor  securing  luTinanent  daily 
records  of  the  nm-off.  It  ii.i,  been  m.iint.iined  to  serve  .is  a  check  on  the  station 
north  of  Tunnel  isl.md,  .it  wliidi  st.ition  the  How  through  the  Norman  dam, 
as  well  as  that  thnnigii  the  tiiree  western  outlets,  is  recorded. 

I-..irl\  -leps  were  t.iken  to  secure  records  of  the  water  used  b>'  the  Keew.itin 
mill:,.  A  elation  was  esi.ijijislu'd  on  the  int.ike  to  mill  "C"  on  July  17.  1912. 
lo  the  end  of  1914,  some  iiiiiel v-seven  measurements  haw  been  secured  bv  the 
hydrogr.iphic  field  officers,  the  discharge  v.irying  from  (lOO  to  1,100  second-feet, 
with  an  average  of  .iboiit  700.  Inder  ordinar\  conditions,  thelo.idon  the  mill  is 
I'airK-  const.mt,  and  the  tluctuation  is  slight.  There  are  no  records  from  whicii 
the  |)asl  discharges  might   lie  deduced. 

In  the  intake  to  mill  ••.\."  .i  station  was  also  established  by  Mr.  Scovil, 
Assistant  Chief  Kngineer  of  the  M.mitoba  Hydrograi)hic  Survey,  on  December 
2.?,  1912,  and  continuous  meterings  secured.  Under  usual  conditions  of  load  the 
discharge  reni.iins  fairlv  constant  at  about  S.SO  cubic  feet  per  seond  .\  low  flow 
of  200  second-feet  usu.ilK-  occurs  on  Sunday,  when  the  generators  only  are  being 
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oporatod.  A  discliargi'  nuMMironu'iit  siTiiml  at  this  mill  on  OctoIuT  !6,  1906, 
by  till'  (lUiciTs  of  IJK-  Hydro- Ek-rlrio  I'owiT  C'onimi^>ioti  of  Ontario  showed  a 
llow   of   8'>')   siTond-fi'L't. 

'I'lu'  old  Kirwatin  l.iinii)(."r  and  Milling  Company  ontloi  has  al-o  lum 
<ari'fully  miliTwl.  TIk"  discharjio  at  pri'stiu  ((insists  of  tiie  Icakaiii-  tirou^'li 
the  sloplo^s  closing  tlu'  old  intake.  I'he  meterini;  station  established  ni  July, 
1912,  is  located  at  the  entrance  to  the  tunnel  under  the  Canadian  Pacific  Railway 
embankment,  and  records,  in  addition  to  the  le.ika^e,  the  dainajji"  from  a  small 
area  tributary  to  Mink  bay.  The  records  have  shown  a  gradual  increase  in 
dischari;e   from   <>5    to    1,^0   cubic    feet    jier   second.      A    measurement    obtained 


Old  Kicvv.itiii  I,iinil)(r  Cd.  Outlet  from  tliu  Lake  of  the  Woods. 

here  on  October  16,   l')0,S.  by  the  officers  of  the  Hydro-Electric  Power  Coii 
mission  of  Ontario  while  the    plant    was    in    operation,  showed  a  llow  of  400 
scrond-feet. 

The  total  discharge  from  the  three  Keewatin  outlets,  a  -i  froiu  the  West 
Branch,  is  carried  to  the  north  of  Tunnel  island,  where  tne  main  metering 
station  has  been  established.  The  gauge  is  bolted  to  the  solid  rock  shore  at  the 
south  end  of  the  traffic  bridge  Ijelow  Keewatin,  while  the  metering  section  is 
located  aitoiit  1  mile  down  stream.  Tiie  station  was  established  b>'  Mr.  Scovil 
on  Jime  28,  1912,  since  which  date  continuous  measurements  have  been  and  are 
being  secured,  upwards  of  280  being  oi)tained  to  the  end  of  1914. 

In  view  of  the  importance  of  the  records  at  this  place,  especial  care  has  been 
exercised  in  the  metering,  and  the  results  are  considered  to  be  saiisfactor\-. 
The  discharge  records  have  been  carried  back  to  the  begimiing  of  1907  by  means 
of  the  gauge  rt^cords  of  the  Ontario  Dejiartmenl  of  Public  Works.  Since  the 
establishment  of  the  regular  station,  independent  gauge  readings  have  been 
secured   by  the  survey  staff. 

The  \\(i\v  is  largely  dependent  on  the  operation  of  the  Norman  dam 
and    of    the    Lake    of    the    Woods    Milling    Company's    mills    at    Keewatin. 
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Some  12  iiiili-s  down  stream  from  the  station,  tlie  river  enters  a  gorge 
and  forms  what  are  known  as  the  Dalles  rajjids.  I'hese  con-^ist  in  re.iliiy  of 
little  more  than  swift-tlowing  water.  In  limes  of  high  water  a  baek  (  hannel 
comes  into  jilay  just  above  the  Dalles,  and  a  i)ortion  of  the  How  is  discharged 
through  the  same,  the  entrance  going  under  the  name  of  the  Throat  nipids. 
Some  .'S  miles  li.low  the  Dalles  there  is  a  series  of  rapids  and  falls  known  as 
the  While  Dog.  The  While  Dog,  Dalles,  and  Throat  rajmls  form  the  c(jntrol 
ol  the  river  reach  extending  hack  upstream  to  Keiiora.  This  is  a  most  important 
consideration,  since  the  river  e\p,in--ioii  between  the  Dalles  and  Kenora  is  20 
sciuare  miles  in  area,  and  between  While  Dog  and  the  Dalles,  O.S  s(iiiare  miles. 
These  areas  require  consider.ible  lime  to  adjust  the  surface  elevation  to  meet 
sudden  changes  in  disch.irge,  due  to  the  operation  of  the  Xorm.m  dam.  Mack- 
water  eltects  are  conseiiuently  experienced  al  the  gauging  station.  The  unsettled 
nature  of  the  couiilry  i)revenleil  the  early  establishment  of  a  permanent  station 
farther  down  the  river.  Such  a  station  will,  however,  be  established  in  the 
near  future. 

The  bac.vwaler  effect  is  now  being  thoroughly  investigated  by  Mr.  S.  S. 
Soivil  of  the  Lake  of  the  Woods  Technical  Board,  with  a  view  to 
making  whatever  corrections  may  be  necessary  on  the  |)resent  records,  and  on 
tho.e  which  have  been  deduced  back  to  l<;i)7.  Any  such  corrections  as  may 
be  ai)plied  will  not  alter,  to  .my  marked  extent,  the  totals  luiblished  herein, 
and  it  is  not  considered  advisable  to  delay  the  publication  of  this  report  im'.il 
such  time  as  the  revision  is  complete.  The  corrected  results  will  be  |)ubli^hed 
when  prt>i)ared  in  a  future  Water  Resotirces  Paper. 

The  tot.il  <lischarge  from  the  lake  is  secured  by  totalling  the  records  of  the 
Xurth    Tunnel  Island  station  with  those  of  the  Kenora  power-house  station. 

Lake  of  the  Woods  Discliariic  Records.— Tht-  complete  records  of  the  total 
run-off  from  the  Lake  of  the  Woods  are  to  be  f(mn(l  in  Appendix  VII,  tables 
.vS.  and  59,  and  in  graphical  form  on  plate  14.  For  convenience  of  reference, 
the  mean  monthly  flows  are  i)ublished  herewith  in  table  5. 


Table  5.— Mean  Monthly  Discliari^e  of  the  Winnipci^  River  at  the  Outlet  of  the  Lake 

of  tlie  Woods  at  Kenora. 


[DriiiHjiie  area  ^6,400  ..iiitire  miU 


.Month. 


J.inuary 

I'obrilarv   .  . 

.\l.>rcli 

,\tiril 

M.iy 

June 

July 

.August 

Si'jitcnilxT. . . 

OcIoUt 

XoveinlxT. . . 
Dei:emlM'r . . . 


M.iximum. 
Minimum. . 


1M07. 

IWS. 

1001). 

1010. 

1011, 

1012, 

lOK. 

1014, 

— . — . — .  — 

. — 

. — 

— . ^ 

—  — 

.Sct-.-ft. 

Sej.-ft. 

Sec.-ft. 

S...:..ft. 

Sl-  ■,-ft. 

Sec, -ft. 

Sec. -ft. 

S2C.-ft. 

1 1 , 700 

C»,MO 

0,070 

U.f)'.) 

7,700 

5,555 

1 1 . 560 

8,010 

1 1 . 250 

1 K .  2  !0 

10,010 

1 1 .  700 

7,110 

5 ,  705 

0,570 

8 ,  .(SO 

10,64(1 

17. .(40 

10,010 

1  :.2riO 

6 ,  s  i.i 

6,010 

6 ,  000 

1(1    (M 

10, 2X0 

l'p,00,) 

10,X70 

2  2,121 

S  ,0)5 

6,270 

.S,5  50 

0,  78(1 

11,17(1 

IS, 470 

11,011 

2l,()).) 

S,7  70 

6,505 

IS,  (70 

12,(1) 

14,0;);l 

22. Xtil 

11,770 

21 ,S70 

X,045 

5:4(5 

20, 100 

18,450 

14,0.Si 

21.S00 

ll,8i0 

l'..2o:) 

S,770 

4,S70 

15,020 

10,010 

1 2 , 7,10 

20,. too 

11,  MS 

l.i,270 

7,0^5 

5,4(0 

U,.^^) 

18,200 

i7.nso 

IS, 200 

11,040 

11,7^0 

6,715 

5,42  5 

1  (,1,1) 

1.(.520 

20,7'(() 

1,^,420 

12,0)S 

10,1SI 

5,045 

9,720 

S.  1,(0 

11  ,460 

21,07,i 

12,S10 

12.020 

X ,  ;,s.i 

5,615 

10.0)1 

8,0)0 

1<),7,iO 

10,. '•XO 

li,o;,s 

.H,110 

5 , 5  iO 

11.520 

8,050 

0,850 

u.sm 

17.670 

11.345 

14,570 

7,410 

6,055 

11,872 

12.508 

21,ft72 

21,044 

12.4S0 

25. 2 i^ 

0,  1S7 

12  010 

20,8:16 

20,476 

10.  100 

10. lit! 

0.40S 

7,654 

5.078 

4,  .25 

5,847 

7,077 

25.2.(8 
4.425 


Norn.— The  miiximuni  and  minimum  diiclLirRes  reL-r  to  djily  lij.v. 
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KclcR-iicc  I.)  tlu-  I.iMl'  iiKlicatts  a  <listliarKc  wliidi  apiMnnilv  lia?,,  in  ihf 
majority  of  tlu-  years,  bocn  little  iiitliienmi  by  the  se.isoiis.  This  has  lieeii 
due  to  the  artifnia!  control  exercised  at  the  Noriiian  dam.  The  year  1<>()7 
shows  the  highest  diseharj^'es  in  the  months  of  Octohei.  November,  and  Decem- 
Ix'r;  I'XW  is  more  normal,  althou..h  the  winter  months  are  hi^h;  I'JtW  has  a 
practiralK  uniform  How  throughout;  1910  shows  the  usual  intluence  of  the 
seasons;  l')|  1  is  fairly  uniform  throughout;  1912  shows  the  hit;liesl  (low  during 
the  months  of  October,  November,  and  December;  while  191,^,  and  l'>14  show 
the  normal  hi.^h-water  period  in  its  proper  season.  These  discharges  can  be 
proritab'y  sPidie.i  in  conjunction  with  the  elevations  of  the  lake  surface  through- 
out t!.e  i)eriod,  as  shown  in  table  20.  This  intluence  is  discussed  more  fully  in 
connection  with  the  (juestion  of  storage  in  the  lake,  and  the  results  are  tabulated 
in  table  21.  It  is  sufficient  at  this  stage  to  make  note  of  the  verv  marked 
influence  which  the  control  of  the  lake  has  had  on  the  recorded  discharges. 
While  the  discharges  during  the  indixidual  years  do  not  follow  the  seasonal 
pcrio<ls  of  high  and  hnv  water,  the  eight-year  means  of  the  various  months,  as 
may    be    seen    grai)hically  in  rtgure  2.  plate  U),  show  up  more  satisfactorily. 

The  avirage  eight-year  flow  from  the  lake  has  been  12,109  .second-feet. 
The  years  of  highest  and  lowest  discharge  are  1908  and  1912,  respectively,  and 
the  maximum  daily  disciarge  reco'detl  was  25,2.S8  on  May  4  in  1910,  with  a 
minimum  of  4,425  on  July  21  in  1912.  This  maximum  discharge  coincides 
closely  with  the  time  of  maximum  at  Slave  falls. 


Fori   Frances  Meterin«  Station. 

The  third  location  at  which  has  been  secured  a  series  of  discharge  measure- 
ments of  prime  value  in  studying  the  run-otT  of  the  basin,  is  at  Fort  Frances,  at 
the  outlet  of  Rainy  lake.     Past  records  are  available  here  from  March  1,  1907. 

The  metering  station  is  located  a  short  distance  below  the  Ontario  and 
Minnesota  Power  (\)mpan\'s  tlam  at  Fort  Frances.  It  was  established  on 
March  1,  1907,  by  the  Power  Company,  who  furnished  the  gauge  heights  to  the 
United  States  Geological  Survey  until  the  spring  of  1910.  The  gauge  was  origin- 
ally located  on  the  Fnited  States  side,  but  in  the  spring  of  1910,  was  moved  to 
the  Canadian  side  and  located  in  the  tail-race  of  the  power  i)lant.  The  o])eration 
of  the  turbines  at  this  point  affects  the  water  surface  to  such  an  extent  that  it 
is  not  always  a  true  index  of  the  flow,  and  accordingly  the  station  was  discon- 
tinued. Immediately  following,  on  April  20,  1911,  a  new  gauge  was  installed 
by  the  I'nited  States  (Geological  Sur\ev  at  the  American  steamboat  dock  below 
the  falls. 

The  field  officers  of  the  Department  of  Public  Works  of  the  Dominion 
Cio\ernment  establishes  a  metering  station  at  the  same  loc.ition  as  that  used 
by  the  Unitecl  States  engineers.  At  the  same  time,  the  urbines  in  the  power 
stations  on  both  sides  of  the  river  were  carefully  rated.  \  .ords  of  the  discharge 
past  the  dam  and  power  !;tations  ha\e  in  this  inanner  been  daily  recorded  to 
date,  and  have  been  checked  by  monthly  meterings  at  the  station  below  the 
dam.  Mc;^  nrements  have  also  been  taken  at  this  station  by  the  field  officers 
of  the  Dominion  Water  Power  Branch  during  the  ycar=  1912,  and  191,-!. 


'iiliiipvj,  River  Poi.rr  and  Stonv^c  J nirslr^dlioiis. 


7.< 


The  ncpartmcni  of  l'iil)lic  Works  h,i>  uiuli-r  \v.i>  a  ti)|)o^;r,i|)l)ir  sur\.'y  of 
tlir  cnliro  Kaiiiy  river  and  hanks,  a  coii>i<iiTal)lc  portion  of  \\  lii.h  is  now  coiii- 
I)k'tf(l. 

Fori  Frances  Discliar'^e  /^cion/.v.— Tlu- n-conls  |)ul)li^,lu•(|  herein  from  M.inli  1, 
l''()7,  to  .Noxi-mher  M),  V)\2.  h.i\e  l)een  secured  from  llie  records  of  i!ie  liiiled 
States  (leoloKical  Survey  as  |)ul)lislie<l  in  Water  Supply  I'.ipe/  M)S.  to  wliii  li 
have  l)een  applied  the  percentage  corrections  sulnnitted  in  Water  SiippK  I'aper 
MS  by  Mr.  .Xdolph  Meyer,  con-^iiltin^r  eiij;ineer  of  the  Interiiatioii.il  Joint  Com- 
mission. The  i)re\iously  pul)lishe<l  results  were  suhsequentlv  found  to  he 
inaccurate,  primarily  due  to  hack-w.iter  effects  from  ice  cover  and  llo  id 
discharge  of  th<'  Little  and  Mii;  Fork  ri\ers.  The  records  herein  from 
Decemher  1,  1912,  to  date  have  heen  supplied  hy  the  engineers  of  the  Depart- 
ment of  Public  Works.  The  aho\  e  records  .ire  appended  in  complete  form  in 
tables  61,  and  02,  in  .Appenilix  \'l\,  and  in  Kraphical  form  in  plate  15.  For 
con\('nience  of  reference  the  mean  nionthl>-  discharges  are  gi\en  herewith  in 
tal)le  6. 


'J'uMe  6.^Mcan  Monthly  Disihar'^e  of  the  Rainy  River  at  Fort  Frances. 

lOriiinitnf  lira  /7,  /'«)  square  mile^.] 


Month 

IW?. 

lOliX. 

V)M. 

I'JK). 

1011. 

IVU. 

S-i-.-ft. 

.5,. no 
4.X,10 
4,74) 
4,X50 
6.0').) 
6.021) 
7  .  6X0 
X,I20 
7,. 16') 
ft   XHO 
ft .  7  1  ) 
ft,  2-1  ) 

ft  241 

X,12  ) 
4,74.) 

11)11. 

1014. 

Stv. -ft. 

6 .  7  1 S 
6.X2.! 
6.707 
6 .  ft<)4 
ft .  X66 
X ,  464 
10.464 
10.044 
6.741) 
6.7X7 
i).i)2  7 
X ,  1)1)  4 

X.4V. 

10.461 
6 .604 

MiMll. 

jLimi.tr>      

i'V))ru.ir\ 

.\l.in  li 

.Vpril    

M.1V      

Juiv     

July 

.AliuiKt 

Sf'jitointior 

O.  tohfr 

Xovcnihpr. 

Dc.emher 

The  Vc.ir 

.SlT.-ft. 

.1 ,  SS.i 

.1.641 

4,1)10 

4.1)11 

6.070 

10,200 

1.1,  (KK) 

17.470 

20,110 

l'),76l) 

17,700 

1  1,00.) 

11.  V)l 

20. 110 
.1.611 

S<-c.-ft. 

12,000 
N,4in 

7.0.10 
.020 

r."4i) 

...4.10 
1.1,, )60 
U.6.X1) 
10.740 
l),6Xi) 
7,110 
.1,7111 

1) ,  150 

1 .1 , 0.i'l 
6,020 

Stv  -ft. 

5 .  1 70 

4,740 

5 ,  500 

.1,2.11) 

4.221) 

ft ,  X50 

10,600 

10,600 

'),250 

i),l)1  ) 

5,4  );) 

10,0)0 

7 ,  05  2 

10.60') 
.1,250 

S.v.-ft, 
9 .  6X0 

y,6xo 

10,750 
10, 600 
10,60) 
10,000 
6.610 
5.2X0 
5.0X0 
5.12.1 

1.2s:) 

4 .  .10,1 

7.750 

10,75) 
4.. 1)0 

Stv.-ft. 

1 ,  HIM 

2 .  .1X1) 
2,5.10 
.1,021) 
4.600 
5,740 
.l,')ri) 
6,560 
5,1))) 
5.21  ) 
5.410 
.1,1).),) 

1.514 

6.56) 

2.,i.-i:) 

Sc-c.-ft. 

6.620 
6.161 
6,4211 
6.401 
6,620 
7,274 
12,51)7 
X,544 
6,  77.) 
-,,  i|X 
6,12') 
6,  1  )) 

7,211 

.Si-i;.-ft. 

6,7X1 
5.XS,1 
6.07  1 
1.72  1 
6.fijft 
.X.247 
6.710 
').')12 
■).  1X1 
X.Ofil 
X.OII 
7.561 

■.744 

.Miniiimin . 

12.^)' 
6.  12) 

IX) 

NoTK.— Xo  records  were  avaiUible  at  Fort  Frances  for  the  months  J.inu.irv  an<l  h.-liniary  in  l')07,   and  Hit-  dis- 
charses  n«ed  were  deduced  from  Kenora  records  hy  iiroiKjrtional  .ire.is. 
Tile  maximum  and  minimum  discharges  refer  to  mean  monthly  Hows, 

Reference  to  the  table  and  to  plate  15  indicates  that,  as  w.is  the  case  in  the 
Lake  of  the  Woods,  the  use  of  the  lake  in  conjunction  with  the  livdro-electtic 
and  industrial  untLrtakings  at  the  outlet  has  l.irgely  interfered  with  the  normal 
seasonal  influences  on  the  run-off.  A  reference  to  the  eight-year  monthly  means 
in  column  10  abo\e,  indicates  that  the  .iverage  flow  has  followed  the  seasonal 
changes  more  closely  than  have  the  int;;\.dual  years. 

The  eight-year  mean  flow  was  7,744  second-feet.  The  years  of  maximum 
and  minimum  flow  were  1907  and  1911,  with  a  mean  of  11.390  and  1,514  second- 
feet,  respectively,  while  the  monthly  nui.ximum  and  minimum  was  20,110  and 
2, .380  second-feet,  res[X'Ctively. 

The  theoretical  intlow.  as  tabulated  in  table  25,  discloses  a  much  clo.ser 
relation  between  the  run-oil  and  the  seasons. 
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Department  of  the  Interior. 
Chniidihe  Falls  [Kettle  rails)  .Ueterinti  Station. 


TliL-  iiU'tfriiiK  station  of  lU'xi  imixirtaiuv  to  the  study  of  the  run-orf  con- 
ditions in  till'  i)asin  is  tl.at  at  Ciuuidii-re  or  Kettle  falls,  xiiese  falls  are  locali<l 
at  llu  outlet  of  N.iniakaii  lake  wluTe  the  outflow  drops  direct  into  Rainy  lake. 
At  tile  lalls  the  river  is  divided  hy  an  island  into  two  channels,  the  Canadian 
and  International.  res|)ec lively.  The  normal  drop  was  about  «  feet  under 
natural  conditions.  The  st.ition  v  as  eslahlished  hy  the  held  oflicers  ni  the 
Dominion  Water  Power  Hranch  in  AuRUst,  1<>1:.  OwiuK  to  the  shortness  of 
the  peri(;d  over  whic  li  ihe  work  has  eMeiide.l,  liuTe  are  insulticient  records  to 
permit  a  detailed  study  of  the  run-off. 

Two  metiTinji  sections  were  estahli.slied,  one  on  r.ich  channel.  The  coni- 
liined  flow  .yi^es  ilie  total  discharge  from  Xamakan  lake,  a  body  of  water  100 
s'iuare  miles  in  .irea  with  a  Iribiitarv  draina^'e  of  7,l)f)0  sfpiare  miles.  The  KaURe 
was  placed  on  the  ("aii.idian  main  shore.  200  feet  above  the  C"anadian  falls,  and 
was  not  aflicted  by  backwater.  The  slaiion  w.is  discontinued  in  June,  1')!,?, 
and  the  subse(|uent  conslruction  of  the  stora;,T  danis  referred  to  in  chapter  \' 
has  destroyed  tile  natiinil  run-off  conditions  prev  iously  existinj;.  The  coribined 
records  are  attached  in  tables  0,<,  04,  and  fi.S,  .Appendix  \'ll. 

Miscellaneous  stations  and  records. 

Run-off  measurements  have  been  made  by  the  oflicers  of  the  Manitoba 
Hydrographic  Survey  on  certain  of  the  lesser  tributary  rivers,  the  Whitemouth 
river  being  (he  only  one  on  which  continuous  records  are  available. 

Whitemouth  River.  -The  Whitemouth  river  rises  near  the  international 
boundary  and  flows  north.,  entering  the  Winnipeg  from  the  south  just  below 
the  lowest  pitch  of  the  Seven  Sisters  falls.  It  drains  an  area  of  1,400  stpiare 
miles,  the  great  proportion  of  whicii  is  entirely  unsupplied  with  lakes.  A  station 
was  established  on  liiis  river  by  the  Manitoba  Hyilrograjjhic  Survey  in  May, 
19!  2,  and  the  records  are  attached  in  Appendi.\  \'H,  tables  66,  67,  and  68. 

The  maximum  flow  recoriled  since  the  establishment  of  the  station  has  been 
2,250  second-feet  on  June  4,  1914,  while  a  minimum  of  16  second-feet  was 
iretered  on  January  20  of  the  same  year,  .\ttention  is  called  to  <he  extreme 
low  winter  flow  of  the  river.  This  ilow  is  particularly  striking  in  view  of  the 
extent  of  the  drainage  area,  and  is  illustrative  of  the  winter  run-off  conditions 
which  must  be  anticipated  from  those  j)ortions  of  the  wate.shed  unsupplied 
with  e(|ualizing  lakes.  Low  run-off  may  also  be  experienced  in  the  summer 
reason,  as  is  instanced  in  the  records  for  August,  and  September  in  the  year 
1914,  when  the  average  How  of  only  1,^6,  and  174  second-feet,  respectively,  was 
maintained. 


Numerous  individual  meterings  have  been  secured  from  time  to  time 
on  various  streams  throughout  the  basin.  These  have  been  collected  and 
grouped  and  arc  attached  in  Appendix  VII,  table  69. 


Winnipeii  River  Pouer  and  Slortific  Invrsli'^dlioiis 


I  :> 


TluTc  is  avail. ililc  iiu  (•ontimious  ri-conl  of  the  Kn(;li>li  Kivcr  llnw  'I'iiis  rivir 
ilrains  tliv  entire  noriiuin  portion  of  the  liasin,  in  all  xmic  21,5711  M|iiarf  niili-.. 
Isolated  ineasureiilenls  iiave  liei'ii  secured,  hut  owint;  to  it-  in.u  cessil)llii\  ,  no 
attempt  has  been  made  until  nceiitly  to  record  its  continuous  discliarne.  I'lie 
Ontario  Hydro- l-llectric  t  onintission  is  taking  steps  to  secun-  perm.uieiit  reronU. 
At  preseni  the  liesi  ihat  can  \n  done  in  studying;  llie  run-off  an<l  slora.i;i'  condi- 
tions of  the  1-ai^lish  river  is  to  deduce  a  discharj^e  i)y  proportional  areas. 


Ontario  Ilydro-Rleiirit    PoKer  Commission  Dischanjc  Records. 

I  he  Uydro-i-.lectric  I'ower  Commission  of  Ontario  has  receiuK  insliluted 
energetic  measures  to  secuie  adeipiate  and  reliahle  stream  riin-olf  records 
throughout  that  portion  of  the  WinniiK'K  watershed  lying  ^vithin  the  pro\  in<e 
of  Ontario.  Permanent  metering  stations  have  been  es<alilishe(l  on  tile  Seine, 
Turtle,  Maniton,  I'ooiprint,  Wahigoon,  Eagle,  and  Hnglisli  rivers.  As  h,is 
also  heen  llu'  case  in  other  portions  of  the  basin,  considerable  dit'tirully  has  been 
experienced  in  sicuring  gauge  readers  in  connection  wilii  tiiis  work.  The 
inaccessible  nature  of  I  he  district,  coupli'd  with  this  lack  of  .suit,d)le  recorders, 
has  added  largely  to  the  difticulties  attendant  on  the  r  lintenance  and  I'ularge- 
mcnt  of  the  sphere  of  operations.  .\  comprehen.  ive  ,  .gramme  lias,  liowe\er, 
been  mai)|)ed  out  and  is  being  energetically  ijrosiciitec 

Through  the  courtesy  of  the  commission,  the  Dominion  Water  Power 
Branch  is  enabled  to  juiblish  the  discharg>.'  records  which  have  been  sec  ured 
throughout  the  watershed.  These  records  are  appended  in  tal)!es  70  to  <;l, 
.\ppendi.\  \'\l. 


United  States  Geological  Survey  Discharge  Records. 

'I  hroughout  tiiat  section  of  the  Winnipeg  Ri\er  basin  lying  in  Minnesota, 
stream  measurement  work  has  been  carried  on  for  several  \cars  b\-  the  ot'ficers 
ot  I  lie  I  nited  States  (leological  Sur\ey.  Through  tlu"  courtesy  of  the  Director 
of  tile  Surve>  ,  it  has  been  [lossible  to  incorjiorate  in  this  report  the  run-off  data 
available. 

Bis.  Fork  River. — The  Hig  Fork  river  is  loc.ited  entirely  in  Minnesot.i,  and 
is  the  second  largest  tributary  of  the  Rainy  ri\ xt  from  the  south.  It  rises  in 
Jessie  lake,  in  township  147  nortji,  range  2.i  west,  in  Itaska  county,  at  an 
elevation  of  about  1,,?2I)  feet  above  sea-K\cl.  h  flows  into  Howstring  hike, 
thence  north  into  Wabalawangang  hike,  and  thence  east  and  north  into  Rainy 
nvcr  near  Laurel.  The  entire  leiigtii  is  about  17,S  miles.  Stream  nieasuriMiK'Ht 
work  is  carried  on  by  t  he  ot'ficers  of  the  Water  Resources  Br.iiich  of  the  liiited 
States  C.eological  Survey,  and  records  are  available  from  August  27,  VW),  to 
November  12,  1910.  On  account  of  the  interference  liy  backwater  from  a  log 
jam  during  the  years  1911,  and  1912,  no  daily  or  monthly  records  for  these  years 
ire  jHiblished.  The  published  records  are  attached  in  Appendi.\  VII,  tables  92, 
93,  and  94. 
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i>i/>inliiu'iil  of  I  III-  hili-rior. 


LilUr  Fork  Kiirr.'  Tlif  l.iiil.-  h.tk  river,  ilu-  l.i.i;fsi  i-iluilarv  ul  ilu- 
K,iiri\  rivfr  frnm  ihc  MimuM.i,,  si,U.,  rives  in  iln-  cmral  part  ..I  St.  I.oiiis 
foiii'.K,  a  iVw  miles  xmili  of  Wrniilinn  lake,  ,il  an  elevation  nf  ahoui  1 ,  »4()  feet 
ali.A..  Ma-lev.l,  and  llnws  weslu.inl  and  llien  nortliwi'sUvard  to  ils  jiiiulion 
Willi  Rainy  river,  ahnut  \2  miles  h.-luw  hiieniaiional  K.ills.  The  l.nal  le.iuih 
of  the  river  is  about  W.O  miles.  Records  secured  liy  the  Inited  Sl.ites 
C.eoloyical  Survey  oKkcis  are  avail. dile  from  June  ^^.  \>)m.  to  Deeeml.rr  .?!, 
1''14.  ,ind  .ire  atlacaed  in  Apiiendix  \ll,  t.ii.les  <>5.  <    .,  .lui]  <)7. 

Vermillion  Kiirr.'  The  Wrmilion  river,  wliicli  rises  in  W.rniilion  lake,  lias 
its  ultim.ite  source  in  Tike  river,  which  ris.s  in  the  southern  p.irt  of  l,.wnsiiip 
SS  north.  r.in^;e  17  west.  IVom  Wrmilion  Like  the  general  course  of  the 
Wrmilion  river  is  soutliwest  and  llien  iiorlhe.isi.  einiityinu  into  Crane  Like, 
which  hi  turn  empties  intoSand  Point  lake,  and  th.^n  into  Namakan  lake.  Krom 
Vermilion  Like  to  (Vane  lake,  the  length  of  the  river  is  42  ■  .S  miles.  Throughout 
its  course,  the  river  falls  24.S  feet,  through  a  series  of  rapids  interspersed  with 
sm.ill  lakes  and  level  stretches.  Records  secured  through  the  Inited  States 
(ieolo^ncal  Survey  are  available  from  .May  17,  I'M  I.  to  December  .H .  l'»14.  and 
are  attached  in  .\pi)eiidix  VII.  tables  98,  <;<;,  and  100. 

Ka-iCishiui  River.'— 'Vhv  Kawishiwi  river  rises  in  Syenite  I, •'  -  the  eastern 
part  of  towi.ship  62  north,  ranne  6  west,  in  Lake  county,  ami  ..  .  north  and 
west  ihrouKh  .i  chain  of  hikes.,  the  chief  ones  lieing  Polly,  Boulder.  Alice  Wilder, 
and  ("r.ib  hikes.  In  the  .southwest  corner  of  township  6.?  north,  ran^e  10  west, 
the  riv.  r  divides,  one  fork  known  as  the  North  Kawishiwi.  continuing,'  westward 
tlirou^h  IViday  and  Farm  l.ikes  into  C.arden  (or  Kve)  lake.  The  otherfork.  known 
as  the  SouihKawishiwi  or  Hirch  ri\er.  flows  southwest  throuRh  CoiH-land  lake  into 
Birch  l.ike.  where  it  runs  northward  and  Hows  through  White  Iron  lake  into 
Garden  lake,  joining  the  North  Kawishiwi.  From  C.arden  lake,  the  Kawishiwi 
flows  northward  through  Fall  and  Newton  lakes  into  Basswood  lake,  a  tributary 
of  Rainy  river.  The  south  Kawishiwi  is  the  larger  of  the  two  forks.  Records 
of  the  run-otY  of  the  Kawishiwi  river  are  available  from  June  21.  190.S,  to  June 
30.  1907.  These  records  were  compiled  b\-  the  IMinnesota  Canal  and  Power 
C\)mpany  and  published  in  the  Report  of  Water  Resources  Investigation  of 
Minnesota,  1909  12,  by  the  Staf  Drainage  Commission.  Records  are  also 
available  from  October  14,  1912,  to  December  .U,  1914,  secured  through  the 
Intern.iiioiial  Joint  Commission  (o-opcrating  with  the  United  States  Geological 
Survey.     The  records  are  attached  in  apiK-ndiv  VII,  tables  101,  and  102. 

CKMCR.M.    Rl  N    Oli'. 

For  the  purpose  of  general  study  of  the  run-off  conditi.ms  of  the  WiniiiiKg 
river,  reference  ma>-  be  made  to  ])lates  16.  17,  and  18. 

The  cunes  on  plate  16  are  plotted  from  the  average  eight-year  monthly 
discharges  at  Sla\e  falls,  Keiiora,  Fort  I'rances,  and  of  the  Kngli'sh  river  at  its 
mouth  and  at  the  outl-i  from  Lac  Seul.  It  will  be  noted  that  in  ihese  average 
curves  the  discharge  follows  the  seasonal  variations  much  more  closely  than  do 
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NOTE. 
Tne  discharge  records  from  which  theae  curves 
are  plotted  were  secared  by  +he  Engineers   o-f 
the  Dominion   Water   Power   Bronch  bytotall/ng 
the  Records  from  the  Eost  and  West  branches 
of  the  Winnipeg  River  at  Kenora. 
the  East  branch  records  were  obtoined   by 
rating  the  Kenora   Power  Stcrtion.     The  West 
Branch  Records  were  obtained  by  a  metering 
station  North  Of  Tunnel  Island  referred     to 
googe  records  of  the  Ontono  Department 
of  Public  WorKs. 
Drainage  Oreo  -  86,4oo  Squore  miles. 
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NOTE 

From  March  1907  to  November  1912  nclosivethe 
records  on  which  these  curves  are  plotted  ore 
t»k«n  from  the  published  records  of  the  Water 
Resource  Branch  of  the  U.S.  Geo  Survey  The 
records  from  November  9a  1912. have  been  supplied 
by  the  field  officers  of  the  DepartTient  of 
Public  Works  of  the   Dominion  Government. 

Drainage  Arvs  -    l4,4O0  s<^.  nniles. 
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Table  y.     r.stimated  Monlhly  Dis.liari^e  of  the  Rainy  River  at   Fort   Frances   in 
cubic  feet  per  second  per  square  mile  of  the  Drainav,e  Area. 
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Table  10.  Kstiwated  Kqiiivalent  Depth  in  Inches  on  the  Drainays  area,  of  the 
Monthly  I)isch:irv.c  of  the  Winnipeti  River  at  Otter  Falls  1<H)7-U)and  at  Slave 
Falls,  lQll-14. 
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STORAGE. 


An  acciinitc  anal\>is  of  the  Mora;,'.'  ■-iliialioii  in  the  WinnipcK  Kivcr  l.a>in. 
cnviTiiiK  1h)1Ii  till'  condilions  \vlii<  li  have  luld  .lurinji  piM  years  and  ilic  (ondi- 
linns  which  ihcnrcticallv  iniKlit  lia\  .•  \,vi-u  inainlaini'd  under  a  properly  Miper- 
vised  eonlrol  is,  in  view  of  the  eharacler  and  Manily  <,f  the  (bta  on  whieh  the 
study  must  i)e  l)ased,  a  matter  of  some  dil'licully. 

The  dis<harKe  data  whi.  h  are  available  for  the  studv  of  the  run-off  eonsist 
principally  of  recor.ls  at  Slave  falls,  Kenora,  and  Fort  I- ranees,  continuous 
since   the  heKinnin};  of    1907. 

These  di^charxe  records  do  noi  represent  the  run-off  tmder  natural  con- 
ditions in  tiirl.asin.  The  stations  record  measurements  which  are  inliuenced 
to  a  greater  or  less  extent  hy  the  storage  in.  and  draw  from,  the  Lake  <if 
the  Woods  and  Rainy  lake.  Tlie>  will,  however,  furinVh  a  fairly  satis- 
factory basis  on  which  to  found  a  storage  policy.  Continnoiis  gatise  records  of 
the  surface  level  cm  both  these  lakes  are  a\ail,il)le  for  reference  throuKhoiit 
the  j)eriod.  While  run-off  records  are  puhlished  in  Ap()en(h\  VII  fcr  the  ye.irs 
l')()7-14,  inclusive,  the  seven-year  period  from  l'J()7-l,?  is  nmsidered  in  n.n- 
neilion  with  certain  analyses  herein.  The  records  for  1<)14  were  not  avail- 
able in  time  to  permit  a  revision  of  these  calculations.  The  deductions  draw- 
in  such  cases  are  not,  however,  to  any  ai)precial)le  decree,  aH'ected  by  the 
omission  of  tlie   1014  records. 

Xatur.il  reservoirs  available  throutihoul  the  ba.in  larKely  simplify  the 
(luestion  of  reiiulaUiiK  the  river  in  a  satisfactory  maimer.  The  dislriluition 
ol  these  iiossiblesourci'sof  slorageiscai  the  whole  fa\c,urable  to  a  fairK  complete 
me.iMire  of  riv.r  coiiirol.  allhou!;h  certain  areas,  more  especi.illy  in  the  western 
portion,  are  uiipro\ided  with  suitable  lake  area. 

It  i>  possible  to  de.il  l.iirU  defmi  .  with  the  Lake  of  the  Woods.  Rain\ 
Like  1  ike  Nainakan,  and  certain  of  llu  nailer  lakes,  in  so  far  as  their  capacities 
t'T  storage  are  concerned,  since  detinile  informatio.i  as  to  the  banks,  outlet 
f.Kilities  and  possible  tlou<lir.j,-  is  t,,  h;ind,  or  is  now  beini;  secured.  With  rejianl 
t)  the  majoriix  of  ih,-  U-Mr  lakes  it  is  onK  possible  to  treat  the  same  in 
K'l  ner.il  ii-nii-  sin<<  .  .is  \,i,  no  s\  si,  i„,,iic  study  of  their  capacities  has  been  made. 

Tliroip^hoiit  th.  luliowini.;  sliid\  nf  the  stor.ise  (piestion.  it  will  be  necessary 
to  refer  comiiHiously  to  lite  lesser  lakes  ..nd  to  th.-  wneral  Irain.me  and  reser- 
voir areas,  llu-  storage  discussion  is  therefore  prefa«  ed  b>  a  stimm.irx  of  these 
lakes,   togitiiii    uii.'t   liieir  susriaee  and   tni)utar>-  drainai;e  area-. 
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I.AKI.    AM)    DkAINAI.I.    Aki-As    OK    TllK    WlNMI'lc.    \\aTI;KM1I.I). 

Ill  fi)n>c'(iiU'ii(r  (if  ilir  Wiimipr^'  Ki\er  liasiii  lyiiiR  in  ihi'  two  |)r()\  iiut-s  <if 
Manildlia  ami  Oiilario.  aiul  also  of  ilu'  soutlu-ni  portion  lyiiiK  in  tlu-  Inilftl 
States,  it  was  dit'ticult  to  srciirr  a  imiforin  jilan  coNcTinj;  tlio  i-ntiro  wat^Tslu'd. 
Various  larno-scik-  maps  wiTi-  availaiile  covering  dilTiTiMit  sfrtioi\s,  hut  co-onliii- 
atioii  was  noccssary  lirforo  a  suitalili'  working;  plan  for  tlio  wliolt'  was  .iNailalilc. 

The-  tt)ponra])liii-  maps  of  tlu-  Kainv  and  Knulisli  Rivrr  districts  |)ul>lislu'(l 
li\'  the  Dominion  (ioviTninrnl  wiTc  laki-n  as  the  basic  foundation  of  a  new  plan, 
since  they  contained  tile  hist  and  most  complete  inform. ition  extant  covering 
the  major  part  of  the  hasin,  anil  were,  in  addition,  published  to  a  con\enient 
scale.  Such  sections  of  the  watershed  as  were  not  included  on  tliest-  two  sheets 
were  taki'ii  b>-  pantoKrajih  from  tlie  best  <jlitainahie  published  maps  ol 
Manitoba  and  Minnesota,  the  pantograph  work  being  carifulK-  checked  by 
means  of  the  lino  of  latitude  and  longitude.  The  completed  ])l.in  is  publisiied 
herein  as  ])late  .V  In  order  to  siniplif\-  the  stiid>'  of  the  naiur.i!  reser\oirs  and 
their  relation  to  the  tlrain.ige  sxstiiii.  pl.ite  1<),  a  diagrammatic  rejiresentation 
of  the  watershed,  has  been  jirepared. 

The  lake  areas  h.ive  l)een  t.ikeii  off  the  best  ;>a  .lilahle  iiublished  majis  by 
planimiter.  in  \  iew  of  the  iisiKilK'  irregular  ch.ir.icter  of  the  shore  lines, 
and  of  the  almost  innumerable  isl.inds  and  islets,  as  well  as  of  the  incomiilete 
ih.ir.icter  of  the  survevs  of  .i  numlier  of  these  lakes,  the  areas  published 
herein  cannot  hi'  considered  as  entirely  accurate.  The  are.is  are,  howeNer, 
sulHciently  close  to  permit  a  general  discussion  of  the  use  of  the  lakes  as 
storage  basins.  Wlienever  larger  scale  jilans  of  the  lesser  lakes  were  available, 
they  were  used  for  securing  areas  in  preference  to  the  smaller  scale  toixi- 
grajjhic  plans.     The  larger  lake  areas  can  be  considered  as  f.iirly  accurate. 

The  above  ri'inarks  apjily  e(iuall\  to  the  drainage  area  as  a  w  liole  and  to 
the  lesser  basins  adjacent  to  the  lessir  lakes.  The  boundaries  of  these  latter 
sub-basins  can  be  oiiK-  a])proxiniate(l  from  the  general  direction  of  the  ruii-olf 
as  shown  on  the  jilans.  The  areas  are  therefore  used  only  for  drawing  gener.d 
conclusions.     All  areas  have  been  carefully  checked,  and  the  sub-areas  adjusted. 

Tlie  areas  usi'd  throughout  the  report  .ire  given  hereunder  in  tables  1,^, 
14,  15.  U>,  17,  and  18.  Table  1.?  lists  the  more  imjiortant  drain. ige  areas  useful 
for  reference  and   use  in  considering  tlu'  run-off  of  the  watersheil. 


'J  able  IJ.     Principal  Areas  of  the  \Vinnipei<,  River  Watershed. 
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TaMo  14  groups  tin-  lakos  and  drainaurs  trilmlary  to  tlir  I.,iki-  of  tlu-  Woods 
and  IhIow  U.iiny  lake;  l:il)lr  l.S  lliosc  ;ril)Ular\  to  Kaiiiy  lake  and  lii'low  laki- 
Namakan;  10  tlioso  irilmtary  lo  lake  Naniakaii;  17  tlioM'  Iriliul.iry  to  tlu'  i-.n^lisli 
river  Itelow  l.ac  S<'iil;  and  IS  those  tril)iitar\'  to  i.ac  Si-iil. 

In  lliej-e  tables,  roluinns  2  to  7  refer  to  drainage  l)asins.  ("ohinin  1  lists 
the  nninl)er  which  has  heen  used  to  designate  the  drainane  basin:  the  decimal 
s\sle:n  has  I)een  used  lo  permit  fill  lire  exijansion  wilhout  interftTinji  with  the 
siries.  Column  2  desi^nati's  the  drainage  basin,  while  column  i  gives  the  hinits 
considered  in  each  case;  column  4  lists  the  area  imniediateK'  adjacent  to  tin- 
b.isin  <lesignated  and  (k'hned  in  columns  2  and  .<;  column  5,  the  loial  dr.iiii,<>ie 
are.i  of  the  l)asiil  designated  and  delined  in  rolunms  I  and  ,( .  column  (>.  the 
rnn-olt  in  cubic  feet  \wr  si'cond  for  an  .i\ir,ige  year,  from  she  ,ir»-as  of  cokimiis 
4  and  ,S;  cotimin  7,  the  same  run-off  in  billion  of  cubic  fe<f  ( Oltimii--  S  lo  12 
refv-r  to  the  reservoirs  avail. iblr  io  stor-'  llie  niii-ort  from  the  b.isins  <leriiu<l  in 
columns  2  and  ,<;  column  K  li^ls  llu  ii,ime  uf  the  reservoir,  it  will  be  noted 
lh.it  al  imes  si'\eral  I. ikes  are  l.ik4ii  in  the  o.k'  b,(«iii.  (dliiniN  ')  li^i^  liu' 
iiidiv  iilii.;;  l.ike  .ire.i,  and  colunin  10  ilie  lot.tU  of  flu  .irca--  win  re  mon  ih.m  one 
are  l.iktii  in  the  s.ime  b.isin.  ( Oliiinn  It  lists  tlt<  depth  in  feet  to  uhi.li  an 
.iverage  \e.ir's  total  run-olf  (e(|uiv.ileiil  lo  7  inches i  from  the  dr.iinage  .ire.is  of 
column-  4  ,in<!  .s  would  fill  the  j.ikes,  assuming  no  run-olf  .it  the  oiillel  during 
the  ptriod.  !l  will  be  noted  ih.i!  where  more  ih.ui  one  l.iki'  h.is  Ikcii  i  oiisidered 
ill  one  b,i>iii,  ihe  depth  i-  giv.  ii  in  terms  of  the  total  hike  .irci  riii-  is  not 
slriclly  in  accordance  willi  vvli.il  would  be  e\|ierienced  in  .iclui!  pr.icuce,  .is 
llu  i.ikes  are  not,  as  .i  rule,  distributed  in  such  .i  w.iy  .is  to  collei  i  the  run-off 
iinili>rmly.  It,  however,  serve-  tli<'  purpose  tor  general  dir-ciission.  (  <ilunin 
12  lists  the  \olume  ol  slor.ige  in  billion-  ol  cubic  teet  which  would  be  provided 
by  .S  feet  of  storage  on  the  l.ikes.  or  by  such  dei)th  ,is  would  store  an  .iverage 
\<,ir's  run-olf. 

Ii  should  be  iiol((l  th.il  .i  l.irge  nimiber  ol  sin.iller  I.ikes  ,ire  iml  iiicluded 
in  Ihe  t.ibul.ilion. 

llu-  entire  w.ilershed  i-  vvi'll  supplied  w  ill)  Like-,  the  use  of  which  for  -lor.ige 
purp<i-i-  will  well  rep.iv  inve-lig.ilioii.  Tlic-e  l.ikes  n.itlirally  and  vvilli  good 
effect  pi, IV  lliei,  p.in  ill  regul.il iiig  lln>  ye.irlv  run-off.  ('omp.ir.ilivcly  liille 
expi-ndilure  i-  neic-s.nv  to  rouvi  rl  many  ot  them  into  reservoir.^  of  grcairr  or 
Ic— c.ip.icii V  .  .\t  tlu  outlets  ol  111. iiiv  l.iki-.  lumber  dams  h.ivc  iieiMi  (oiisinicieil 
in  the  p.i-t.  ol  vvhicli  -oiiie  .in-  vet  in  oper.ilioii.  .iiid  others  li.ive  been  .illowed 
111  I.  ill  iiilo  d<(  .IV  .  1 1  vv.is  beyond  the  -cope  ol  I  he  gener.il  -lor.ige  invc-lig.il  ion 
i.irried  on  bv  the  Dominion  W'.iur  l')W<r  Hr.inch  lo  m.ike  .my  del.iil  stinK  ol 
these  le-s<'r  hikes.  .\  cerl.iin  .iniotinl  of  inlorm,ili<in  li.is,  however,  been  cnllected 
bv  ihe  I  lydro-ili-clric  Power  <  'oiniiii--ioii  ol  llu-  pro  v  i  nee  of  ( )iil,irio  w  iih  reg.inl 
lo  soini'  ol  the  iiion-  impori.iiil  hikes.  Tlu  lollowiiig  (|uotalions  h.ivi'  been 
t.ikeii  dinci  honi  llie  Sixili  .\iuiu.il  Reporl  of  tlii- commis>ioii,  (ovcring  the 
V 1-. I r  ending  (  'i  lober  .■>1 .  1''l  ^ : 


■■■aai 
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■■  Mtuiitini  lakr\  I'lir  (Ir.iin.igc  .irc.i  of  liux-  l.ikis  is  alt'Ui!  -I4() 
s(|uarf  tiiilvs,  .mil  ihr  art-a  of  tlu'  lakes  tlu-m>(l\i>  is  .ilxiiil  66  >(|uarc 
miles. 

"A  ^inraKi'  flraft  of  7  fti't  oH  |ln>f  lakes  would  prov  ii^  a()|iro\inialil\ 
1.<,(KHt  million  ruliic  feel  of  storaj;i\  \vlii(  li  \vi>iil<l  inulialiU  lii'  inori'  (liaii 
sut'ficieiil  to  tnntroi  the  cniirc  iiuan  .uinii  il  iiiii-off  of  tin  iiiliiiiar\ 
watershed. 

"  .\t  present  lliere  i>  .1  uo\criinuMl  d.mial  (lie  foot  of  ijii-  h  iwcr  hike 
lh.it  would  hold  a  storaije  head  <it  ')  '>  leel  il  il  were  in  \:,iui\  i    indilion. 

The  ^lion  >  ol  the  lake  .iii  lor  the  most  p.irt  roek.  with  Lir^e  p.i telle.-, 
ot  yood  j.ick  pine  here  .ind  there,  lint  tlii^  i>  .ill  well  up  from  the  lake. 
The  priMiil  d.im  ilid  pr.ulie.illy  no  d.ini.ijie  to  timhei,  .uul  the  d.im.iye 
c.insed  li\  a  il.im  th.il  would  r.iise  the  w.iter  .<  leel  lii^lit  r  tli.iii  .it  present 
u  I  mid  lie  \(r\   -.m.ill. 

"The  sill  of  lite  lo^  chute  of  the  present  dam  i-  .Hficieiil  l\  low  to 
let  the  w.iter  rini  .is  low  ,is  the  eontrolliiiu  le.l^e  ,il  (  e  l.ir  rapids,  wliirh 
is  ,ilio\e  the  d.im.  The  present  d.ini  li.id  the  ^loploi;^  it  when  the  d.im 
w.i'-  in-.peeied,  liiii  il  w.is  le.ikinv;  .ilioiit  l.SlI  -eroiKl-ferl .  partK  through 
.tn<l  p.irtK  uiideriu  itli.  .\  ero'S->e(tion  p.ir.illel  .ind  --iinil.ir  to  the  one 
i.ikeii  e\i-l:^  ,S(I  let  I   lielcw    llie  pre.-ent     l.ini. 

"  \o  liiiildini;  >.iii!l  w.i>  iiliM>r\fil  -in  ihi>  lake,  llif  luiildiiiv;-.  .iroimil 
the  Like  .H'i>  liiuli  enoucli  to  permit  ol  ,1  ri^e  ul  ,i  liel  ,ilpo\e  hinh-w.iler 
mark.       I  lies*'  .ire  oiiK   lo^  sh.itk.--,  not  ll>e<l  ,it  proeiii 

rile  preM'iit  dam  is  not  liuilt  on  >oli<l  roek.  luii  ilie  li.ink-.  of  ilit 
ri\er  .ire  >olid  rot  k,  with  l,ir'.;c  lioiilder>  .ititj  i;r.i\il  hot  loin  in  the  ri\tr-lieil. 

'  riie  hiinl.ermen  who  remembered  thi>  tl.iiii  froiii  il-  in>l,ill,itiiii! 
Ii.id  never  known     he  l.il-i'  lo  lie  tille<l  to  the  top  of  the  il.im. 

"  ()inkiui:in>:tn^aii  l<iki-.  The  tlr.iin.iue  .ire.i  ol  the  l.ike  .ilio\e  .i 
j)o>.  ilile  dam  site  i-  .ihotit  .StIK  M|ii,ire  niilt>  .itui  the  .iit.i  of  lake  ^iirl.it f 
.iliovf  ihi>  -ile  1-  .il'oiit    In  ^^ipi.ire  mile-.. 

'■.\  d.im  .It  llii^  point  holtliiiL;  .<"  leel  ol  w.iter  on  the  >iiU  would 
impoiintl  .1  nni-oll  ol  \1  ini'lie-^  Irmii  ihe  till  'lars'  \\  ,ilei>hed.  I'lii- 
lijiini-  i-.  iiroli.iliK'  j;re.titr  ih.m  the  .ittii.il  iiir.in  .iiinii.ii  i  iiii-orf. 

riii  re  i-  evitleiice  al  li;e  oinlei  ol  the  I. ike  lo  -^Inw  tli.it  th<re 
i\i>ttil  ,il  one  time  .i  --tii.ill  li.im  pii.li.iljh  lioltjiiii.;  ,\  .'  .,r  ,■;  l.i.ii  lir.icj  of 
w.iter.  lull  no  impoinidiiiL;  .uiioii  i>  i.ni^ei!  l.\  the  fr.n.;ni-.iil>  \\ 'lirli  n.iw 
ii'inain. 

"Tile  loiiiid.ition-.  .it  ihi-.  point  .n,  .ill  ~,,li,|  roi  k  I'hi  n  i^  .i  eon 
irollin,^  rock  leilL.;t  ,il  the  oiitlel  wliieli  i^  onl\  \>  liii  lielow  pii-Miil 
w.iter  le\il,  .ind  ullieii  Wiillld  net  t'-^it.i  1 1  keipiii-  .til  tlii  ^Ihim-c  h".iil 
.lliove  tlli-  li\el   ntliess  the  leil.;e  wa-  lilowil  oin. 

'■'rhirt  !>  s.iiiil  ol  j^iioil  (|ii.ilii\  on  the  slurii-.  m|  tlu  l.iki  ,il  \ali'iii- 
poiiil--:  ,1111 1  .iUo  t;r.i\el.  hilt   the  Mirf.ii'e  :..;r.'\t  1  i^  iioi   tree  I  nun  dn  t 

lilt     >hore-   ol    the    like    ll,l\e,    .i-^   .i    i^eiur.ll    rule,    --liip    -lope^    ,iud 

'Til.  .1.11..  ni  .  ..tir.-.  ii..M  \\v\\  ih.  \1  mil..  1  I  Miik.ini,,Ti..,vK  .in.  I.i.  •'■  -  Mil!'  ^^  \.f  '.  Wlillf  •■e.  ,.  .iii,l  h.t-l  (  Ir.ii 
w.it'-t  I.tk.  -  !t.i\.'  tn-.-ti  .nj.iti.l  din-,  tiy  fi.iiii  litr  Sixth  .\ntui.il  K.[w.it  ..I  tti..  \\\'\i',  K!'.''  U\-  !'..\mt  1  Mtniiii..<iim  nt 
Ihi-  liiuvllui-  ut  t  >m.iFi<i. 


92 


DepnrtmenI  of  the  Interior. 


ill  many  plaivs  art-  pri'cipiloiis.  hiil  tlu-rc  is  no\frtlu'li'ss  some 
^ood  piiii'  of  tic  si/f  and  larger  tlial  would  siit'fcr  damaK*'  l>v  Hooding. 
Tiiis  is  coiitini'd,  Iioxm-mt,  to  a  \iT\-  narrow  >trip  parallel  to  tin-  water  line. 
"Tile  m.ip  used  of  this  like  siiows  all  the  islands,  as  f.ir  as  eoiild  l>e 
jud^i-d,  exeept  the  \ery  small  ones.  This  lake  is  sometimes  calleil  IVoiit 
lake.     A  .?0-fo<)t  rise  in  level  on  this  lake  wimld  add  very  little  lo  its  area, 

"  Lau  dfs  Millcs  I.IKS.  The  draina^je  are.i  of  this  lake  is  alioui  ()20 
s(|uare  mile^.  and  the  area  of  the  lake  surf.ice  is  <>t)  sciuare  miles. 

".Assuming;  4  fei-t  of  stora>;e  draiiglit  available  lliroiii;h  rai'-iiii;  ihe 
!i\el  ,111(1  <U't|K-iiiiiK  the  outlet,  this  lake  would  have  an  impounding' 
eapaiiiN  of  about  10, ()()()  million  cubii'  feet,  '{"his  volume  of  storage 
would  be  provided  b\  a  mean  annual  nm-off  of  7  inches  from  the  tributary 
watershed. 

"The  raising;  of  tile  UmI  of  this  hike  lo  aii\  ^re.it  e\lenl  will  drown 
l.irL'c  tr.uls  of  niuskej.;.  but  without  serious  damaiie  lo  limber,  mosi  of 
the  low-KiuK  timber  bi^in^  lamaraek.  which  is  still  alive  but  not  liabU- 
to  damage  b\  tloodin^.  The  v.ilu.ible  liinbir  on  the  laki'  stands 
sut'liciiiiiK   lii^h  lo  be  outside  of  an\-  possible  Hooded  area. 

"'i'lie  lumber  c.iinps  on  the  lake  are  of  no  value. 

"Dam.in^'  I'l  liroperty  b\  r.iisiiit;  the  level  of  this  laki'  wiiuld  occur 
.11  two  pi, ices: 

"(1)  Iloiidiis'  .Mill,  llo^.in  Hrotiiers.  of  Savanne,  are  the  owners 
of  ino'-l  of  the  limiier  limits  on  the  hike,  .ind  arc  ;lie  iiroprietor-  of  .i  i.irite 
saw-mill  on  tlu'  laki'  shore  2  miles  west  of  Sav.inne  sl.ilion,  on  the  ("aiia- 
dian  I'.icific  r.iilw.iv.  The  s.iw-mill  is  fully  eqiiipiM'd  with  a  complete 
oiitlil  for  lumber,  i.illi.  and  shin^'les,  and  is  connecled  bv  .i  mile  spur 
line  to  the  rauailian  I'.icitic  r.iilwav',  besides  haviiii;  more  lh,m  li.ilf  a 
mile  of  track  throiiyh  the  piling  vard,  'I'here  is  a  bush  road  from  Ho^.ms' 
mill--  to  S,i\  .nine. 

■■.\n  increaM'of  .<  5  feet  over  the  iiresenl  level  of  the  lake  would  not 
damaue  the  mill.  .\ny  higher  level  th.m  thi^.  would  alfecl  the  boiler  room 
of  the  mill  ,ind  also  the  piliiij;  yard  ir.ick,  and  a  .iO'J-fool  wli.irf  and 
sloreliou->e. 

"The  other  buildings,  residence-,  storehouses,  ollici's.  elc.,  beloiijjinj! 
lo  the  mill  are  .ill  belweeii  10  .ind  12  feet  .ibovc  the  level  of  lite  lake. 

"  (2i  .1/  .Siivdiiue.  r.ikiiii;  the  U  vel  of  ihe  hike  .is  100.  I  he  elev.itions 
ol  buildings  and  railway  at  Sav.inne  are  jiivi^n  below  : 


<  .111.1. li. Ill  1'. 

K.  K.lu  it.l< 


il:,    U.iilnas  ,  lituki- 
.Int.-  .iiiil  p.i-t  i.lliii' 


I..-I1.HW 

St.iliuti  I.i\.ilitnf> 

OtIuT  c.m.iiiiiiii   e.icih,     K.iilw.iv   :,iiil'!iim-.   tuition,   tn; 

hnlj«c-i.  scrtliin  luMlM-.  fti 
K.i;i.l  litiilv  I  Ml  (tfl  I.Mii:  , 
t.'aiKi'li.iii  I'.ii  itir  K.ulw.i\  li.uk.  1  mile  tMtti  ^i.ltMi!  thi' r 

t(i  n^iiii^  i^r.iilt' 
.six  fr.uiii-  .11"!  Ini;  lion,*,-. 

Our  loK  'uMIsr  siititli  ul  t  .iiv.iliall  I'j,  llli.    R.llU^.l\    1 1 .1'  k 
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Sa\,iimi'.  Ilic  Iniildiniis  on  the  Iiuli.in  rtMr\c  .ire  all  .iIhac  .iiiv  p()^>^il)l^' 
(lood  liM'l.  liii-  roifltnU  .il  Sa\.iniU'  Male  lii.il  the  ri\ir  li\il  N.irics 
a  fool  in  ilr\.ilioii  with  tliaiim'^  in  the  wind.  Sonic  of  ilic  alio\t- 
inrntiontd  lion>c>.  Iia\c  cflj.irs  wiiich  .ire  .11  prcM-ni  In-low  ilu-  ordinary 
s|)rini;  llood  K\il. 

"Tin-  inu^kcv;  >nrroinidin^  that  l)raiuli  of  ihc  ri\  cr  pa-- ini;  undtr 
llif  (anadi.n  I'aiitic  Kailwa\  lirid^i-  cxltnds  J'.,  mill's  north  ol  ihf 
Cmadian  l'a(  ilic  railwax.  at  an  clc\aiioii  of  2  feet  to  ,?  feet  alio\(  the 
present  IcNcI  of  the  lake. 

"Whitt'  Olli-r  or  Jiiv,  Cleancatcr  Lake.  The  drainaije  area  of  ihis 
lake  al)oM-  the  prc-ciit  dam  is  about  Mi)  s(niare  miles,  and  the  are.i  of  the 
lake  .ilio\c  till'  dam  is  alioul  .^t)  s(inarc  miles.  With  7  feet  ol  storage 
drau).;hl  on  ihis  lake  there  would  prolialiK  he  more  than  snfti(  ieiil  rapaiitv 
to  imixnmd  the  me. 111  animal  rim-olt  of  the  tiil)utar\  watershed. 

"Williin  tile  last  two  yi.irs  a  dam  has  lieeti  eriTted  at  the  outlet 
ol  this  lake  c.iijaMi'  of  holdini;  at  least  7  feet  of  water  on  the  sills,  hut  .1 
(ontrolliiij;  ledi;eof  rock  in  the  outlet  just  above  thed.im  makes  it  doubtful 
il  the  lake  t  ould  Ik-  draiiu-d  .is  low  .1-  the  sill. 

"Till  timber  on  this  Like  is  pr.utic.ilh  ,ill  abo\e  an\  (l.imai;e  from 
llood  w.itir.  Thi-re  .ire  a  few  old  lumber  ciiiips  on  the  lake,  but  these 
are  ,ilso  abo\c  .in\  possibK- sior.e-e  le\ el.  There  is  a  ^ulK'  not  f,ir  from 
the  pi-fsenl  d.im  ih.il  would  ]«  rmil  the  w.iler  to  (low  out  before  the  w.iter 
would  risi'  to  ihe  (rest  ol  the  presem  d.ini.  I'lu-re  .irt-  se\i-r,il  iow  pl.e-i-s 
aboM-  the  present  d.ini  wilhoiit  timbtr  whiili  would  be  llooded.  but  hijili 
i;round  is  close  in  e\-i'r\  i  ,ise. 

" liiist  ('!f<ir„iilrr  Lake.  Tlu-  drain. ii;e  .irci  of  ilu-  l.ik(-  i-  .iboul 
7.^  s(|uare  miles,  and  the  .in-.i  of  the  l.ikc  surf. ice  ,ibo\(-  the  out  lei  is  .1  boil  1 
12-4  s(|uare  miles. 

"'{'here  is  a  slor.e^e  d.im  .U  iiresent  .11  the  lake  which  was  built  .it  the 
tiiile  of  the  inst, illation  of  the  powi-r  pi. nil  of  the  ll.imniond  Kd-f  Mint-, 
some  thoiis.iiid  feet  below   the  d.im. 

Ihe  d.m;  is  in  j;ood  c<]iidition.  iliou^h  the  sluice-i;.ile  scri-w  block 
is  dam,ii;ed  .md  the  li.ile  h.is  lo  be  li\eri-d  up  .md  down.  The  d.mi  is 
built  ol  slone-lilled  ciibs  .md  will  b.icked  wiih  dr\  m.isonrx .  .ill  on  rock 
loinid.itions.  The  sluice-i;.ile  is  .i  -inyle  siecl  jil.ite,  br.iced  with  ,in^;le 
slei-l,  .md  w. IS  operated  b\   .i  scnw-block  ,ibo\e  ilu-  i;.ite. 

Ihe  exlreine  high-w.ilir  m.irk   is  below    the  li-xcl  ol   ilu-  lop  of  the 
d.iin.    which    h.is    more    lli.m    sulficieiil    c.i|.-.iiit\     lo    h.,ld    .ill    liu-   w.iu-r 
deli\ered    |.i    ihe   Like. 

I  he  shon-s  ot  tlu-  I. ike  .lie  su-ep  slo|iiiij;  rock,  willi  no  t;oo,!  limbi-r 
.11  .ill  ile.ir  the  w,iter-lii  e.  " 


Till      OlIlK    SIWI      I-  \|,|  s    I  )lsi  |l.\l«.|,     KlliiKDs. 

■|'he  sialioii  at  Sl.ixe  I. ills  incisures  ihe  disch.irue  from  l'*.7<)<i  s,|ii,ire  miles 
oi  dr.iin.ii;e  b.isin.  .uul  for  ,ill  pr.ictic.il  puri«ises  i  .111  be  l.ikeii  .is  ri-i-resentin^; 
the  llow  which  is  .iwiil.ible  tliroui;houl  the  power  re.ich  o|  ihe  ri\er  ii,  M.miiob.i. 
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While  thf  (lixh.irnfs  fmn,  niiniili  to  mntiili  .nv  .it'tictol  l»y  ihr  sitiranc  .ilnady 
ill  (.iKr.ilioii,  aiui  do  not  lIuTtfon-  rci>n>fnt  n.iiiiral  (nniiiii.Mi^  or  furnish  a 
corrtcl  c^liniau-  i>f  thr  ailtial  nm-olf  from  the  l>a-in  lor  any  oiU'  nioiilh,  tiu'V 
nfVfrlhi'U'>s  iiaiaiui-  up  sati>fa(torily  in  \\\v  MArii-ycar  cyclo. 

MAIvriAVM  I'.    OI-     nil-.    SI'VI.N    Yl   \K    MIAN    II.OW 

Thi'  imaii  niomhi>  How  for  liir  MAcii-yi-ar  lurioti  from  l'><>7  lo  1"M.<, 
iiuliisivc.  \va^  25,855 -.■(•oiid-ffi'l.  ll  \k  ill  !>.•  iihiniinalivi' of  ilu  Ktiural  condilioii^ 
of  niii-off  lo  look  into  what  would  have  Ikcii  iiivoi\.-d  in  the  niainUMancf  of 
this  mean  tlow  throujjhoiit  thr  .yclc  iiad  tin-  nu'an>  for  >iorani-  l.i-en  availal.U-. 
To  this  i-nd,  platf  21)  has  liitii  ))n  pand. 

i.ittU-  explanation  of  plate  20  is  required.      The  monthly  vohmu's  of  dis.  iiari;e 
in  hillions  of  euhii-  feet  are  plotted  above  and  below  the  mean  25.H55  see..n.!-foot 
line.      The  eontimio.is  volume  av.iilal)le  from  month  to  month  from  the  he^'inniiiK 
of  the  period  is  plotted  a>  a  eurve  referred  lo  the  scale  to  the  ri^ht  of  the  di.i^ram. 
During  the  earlier  portion  of  t!ie  year  iy»t7,  as  might   naturally  l)i'  antici- 
pated, a  delicit  of  some  85  hillions  of  luhic  feel  occurs  between  Januar>    M 
and  May  .^1.     To  make  this  k<>'«1  would  iiave  necessitate*!  drawing  storage  from 
the  i)rece<iins;  year.    Following  May  M  comes  .i  prolonged  periiKl  ni  high  run-oll 
in  the  river,  tiie  discharge  in  no  pl.ue  falling  below  tlie  mean  until  November 
M^,   1'>()S.      At    this  date   the   volume  available   for  storage   |)urposes   iroin   the 
commencement  of  the  |HTio<l  amounted  to  .?7H  billions  of  cubic  feet()vir  and 
above  the  nu'an  tlow,  or  4(>(l  billions  of  cubic  feet,  assuming  that  the  hrst  dtticil 
was  made  good  from   the  previous  ye.ir.      Following  Noviinber  M)  is  a  peritxl 
of  low  water  last!   g  until  March  .M  of  1'MI),  involving  a  draw  of  \M  billi<ms 
of  cubic   l\it    from    the  available  storage.       The   months  of   .April,    May,   June, 
and  July.  1'>H),  show  another  period  of  -.urpliis  discl;arge,  adding  l'>7  billions 
to  the  lireceding  volume,  .ind  bringing  the  net    toial  for  storage  to  date  up  to 
4,?7  billions.     Following  July  ?>\ .  there  is  a  i)ractic.illy  continuous  draw  until 
Ma\    n.   I"J12,  at   whidi  <late  the  surplus  from  the  beginning  of  the  iMri(Kl  is 
redu(v<l  to  4  billions  of  cubic  feet       From  this  .late  until  the  en<:  of  I'^l.v  there 
is  an  alternate  rise  and  fall  in  the  M.lume  available,  the  same  <lropping  to  zero 
■  It    the  tnd  of  till    cycle. 

ll  is  worthy  of  n<  te  that  after  the  initial  deticit  is  ma('e  good,  there  is  at 
,dl  times  throughout  the  cycle  a  sufliiienl  vclume  of  w.iter  to  mainlain  the 
uniform  ine.m  tlow  of  25,855  second-feet,  Tiie  curve  of  availabi,-  volume 
.ipproaches  close  to  (he  mean  line  in  l'M2.  but  falls  below  at  onlv  one  point 
during  the  period,  i.e.,  <liiring  th.-  initial  deticit.  Tli.it  there  should  have  been 
ihroughoiit  the  entire  ptriod,  with  the  single  exception  nole<l.  sullicienlvvaler 
lo  m.iintain  the  uniform  sevcn-vcar  mean  How  i-  due  to  the  exceplioii.illv 
he.ivv  nin-oifs  during  the  hrsl  years  ,:[  the  cycle.  TlKse  full  years  are  follovve<l 
in  I'Hl  bv  an  exceptionallv  sl.ii  k  v.ar,  the  li.liiig  over  of  which  places  a  -exere 
strain  on   the  entire  stor.ige  svstem. 

The  above  analysis  shows  that  sioragi'  r<serv<iirs  to  the  capacity  ol  4,?/ 
billions  <.f  cubic  feet  vvoiihi  have  b.-eii  re.piire.l  lo  ensure  a  <  oinplete  unilorni 
How  during  the  s,\cii   vear-       t  pon   <  x.iinining   the  basin,   however,  il   will  be 
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di!»|H»!tiil  n(  ill.'  Mirpliih  riinolf,  -.iiltuii  iii  ,iur,i({f  h.r  l.ridniiiK  tin-  .il«.sc  rriiii.il 
IktIimI  wunl.l  Im-  a  >im|ilc  iiiaiur.  >iinv  .M  ft«i  on  ilu-  like  wotilil  mi|i|>I\  the 
inaxiimim  .Ir.tw,  .iii.l  uutilil  liridur  ilit-  oiuiro  lim-w.iiir  iKrit-d.  TIh'  I  iko, 
howivt-r,  i.iM  «lial  .inly  wiili  ilu-  w.iU-f  from  the  l>.i>in  h\h,\v  iij,  ..uil.  Is,  and 
must,  ill  a.ldiiion,  |ir..\iilo  (or  i«ivmt  |Jaiits  o|MraiiiiK  n  i'-  oiiilcis. 

TaliU-  I')  .i|>|H!nl<il  is  of  intcrivi  as  xh.iwiin^  id  wli.ii  cmcmi  -ii.ran.'  wmiM 
liav«'  Ik'cii  IU-.  ts>ar\  to  iiiaiiilaiii  \ari<iii>  liniiiiiiK  tiiiiiiiiiiiiii  llou>  lliroiiKlioiit 
thiMvd.'.  I'or  ilu>ak.aUoof  illii.siraiiiix  ilic  (a|..ii  il\  of  tlu'  l.akfol  tin-  \V.»ocls 
as  a  sloraur  rt^rvoir,  tlu'  (orrisix.n.liiig  (li|Hlis  on  tin-  lak«-  iUTt>Har\  l.> 
acamuniKlalf  liiist  Mora^t  for  llii'  <lil;.n>nt  slants  art-  aU.i  i.il.iilali.l.  As  ,ilrt  ,iilv 
stalfil,  it  is  not  iMivvJI,),.  to  iiiiji/,.  the  l.ikc  .t-  a<l\  ,iiilam(Mi-,ls  as  tlu-  lalili- 
Udul.l  iiKJicalc. 

I'lililr  10.     Slnni'^cCiniilitiinisuliiih  u'oiilil  liii:r  Iwcii  mnwitry  to  miiiiilnin  v<irioi,s 
Minimum  /•'/■>:.  \  mi  llir  ]\'iiiiii;>i ::,  l<i:rr  n,  Slur  /■'iil!\  Irnm  IW)T  In  I'tli, 
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To  sum  ii|i,  il  m.iy  1k'  -.lid  thai  the  mn.r.il  rii.i-nU  <  imiliiioiw  In  ll-.r  powiT 
reach  of  tlu  riv.r  wmilil  warisint  ihe  a^-iim|.iiiia  iliai  .i  lairU  iiimpli ic  r.'Kiila- 
tiiiii  of   ihc   rivir  can   lie  .itiaimil. 
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.\  Kl.incc  ,11  tin  ilraiiiayc  liasin  of  llic  \\  iniiiiii'L;  ii\.r  iplalc  ,<i  iinnic.li.ilcly 
c.ills  attinlion  in  iIk  oiil  (andiiij;  iio-^iiion  ni  tin-  l.ak'.'  i.l  llif  Wnml-.  A  >iii.l\ 
iif  the  jilu-ical  fcaluri's  of  the  liaNiii  fmiihasicc-  i'Mii  mori'  stninv;ly  llic  (om- 
mandiiiK  iio-ilioii  of  iju-  lake  in  nlalion  to  Miirai;r  and  power.  I'ln^  r.lali.ni 
is  somewli.il  c.iiiiplex  and,  in  view  of  llie  ..indiliniis  of  reKnl.ilinii  .mil  .niilrol 
wlii.h  li,ive  exist, 'll  .hiriiii;  llie  (Nile  ii\er  whicli  records  are  .i\  .lilaliie,  its 
diMiissioii    re<|iiiri''  cinfiil   anal\-.i--. 

Ill  llie  ei^;lit-year  c> cle  over  wliidi  records  are  avail, ilile,  llieri'  is  a  period 
of  amjile  How  preceding:  .i  p»  riod  of  iinuMially  low  ll.iw,  thus  foriniiiK  a  com- 
liinalioii  which  n.idiK    lemU  it>elf  to  .m  effe,  live  sin.ly. 

rile  in.niilesi  .id\,ml.i^;esof  the  lake, is  a  reservoir  li.ivi'  lonj;  lieeii  reco^;ni/ed 
liy   the  power  iiiiderl.ikiiiKs  at    the  outlets.     Since,  lioueser,    ihe  w.it.  r  iiiili/ed 
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for  power  has  at  all  times  to  the  date  of  writiiij;  been  considerably  below  the 
run-off  available,  careful  conservation  has  hitherto  been  unnecessary.  This 
condition  is  rapidly  becoming  a  thing  of  the  past.  The  development  of  hydro- 
electric plants  on  the  lower  river  in  Manitoba  has  already  resulted  in  an  urgent 
demand  for  auxiliary  flow  during  the  low  months.  Through  the  agency  of  the 
Dominion  Water  Power  Branch  a  sjxjcial  arrangement  was  reached  with  the 
Ontario  Government  and  the  power  users  at  the  lake  outlets,  whereby  the  lake 
was  drawn  upon  tluring  the  winter  of  1913-14,  and  a  critical  power  situation 
on  the  lower  river  thereby  relieved.  Similar  conditions  prevailed  during  the 
winter  of  1914-15  necessitating  a  similar  tlraw  on  the  lake  storage.  Such 
demands  for  raising  the  minimum  flow  on  the  lower  river  will  become  more 
pressing  in  the  immediate  future.  The  Lake  of  the  Woods  is  the  logical 
first  source  of  such  storas^e  supply,  in  that  it  is  already  existent  as  a  storage 
basin,  and  is  of  adequate  capacity  to  meet  all  demands  for  a  considerable  time 
to  come. 

As  the  use  of  the  Lake  of  the  Woods  for  storage  purposes  has  become  inter- 
national owing  to  a  reference  regarding  the  levels  of  the  lake  having  been  sub- 
mitted to  the  International  Joint  Commission,  the  importance  and  necessity 
to  the  power  interests  of  the  Winnipeg  river  in  Manitoba,  of  the  use  of  the 
Lake  of  the  Woods  for  reservoir  purposes,  is  treated  in  more  detail  in  chapter  IX 
of  this  report. 

GENER.\I.    REI..\TIC)\   OK   THIi    LAKE    TO   THE    BASIN'. 


The  Lake  of  the  Woods  has  a  surface  area  of  some  1,500  square  miles. 
The  accurate  determinatitm  of  its  area  is  a  matter  of  considerable  difficulty  as 
it  is  dotted  with  the  iimumerable  islets  and  islands  characteristic  of  lakes  in 
territory  of  similar  geological  formation.  On  the  entire  northern  and  eastern 
shores  of  the  lake,  the  exposed  granite  forms  in  general,  abruptly  sloping  b  nks, 
with  here  and  there  short  intervening  stretches  of  shore  and  muskeg  land. 
Along  the  southern  and  western  shores  the  natural  features  are  entirely  different. 
The  general  country  is  of  a  flat  alluvial  description,  with  low-lyhig  and  swampy 
areas,  especially  along  the  Minnesota  shore.  Throughout  the  southwestern 
section  of  the  lake,  the  island  formation  disappears,  and  open  water 
prevails. 

Four  outstanding  features  combine  to  render  the  Lake  of  the  Woods  a 
reservoir  which  is  invaluable  to  the  jiower  interests  on  the  river  below.  These 
features  may  be  summarized  as:  the  great  surface  area  of  the  lake,  its  large 
tributary  watershed  area,  the  great  dc,.jndable  power  opportunities  below, 
and  the  existing  controlling  works  at  the  outlets.  The  surface  area  has  already 
been  referred  to.  Tw'ent>'-six  thousand  four  hundred  square  miles  of  drainage 
area  above  the  lake  forms  a  supply  basin  in  keeping  with  the  great  capacity 
of  the  reservoir.  Below  the  lake,  there  is  a  drop  of  77  feet  to  the  boundary  of 
Manitoba,  practically  all  of  which  can  be  developed.  Within  the  latter  province 
is  a  total  drop  of  270  feet,  of  which  250  feet  is  now  being,  or  can  be  developed. 
The  outlets  of  the  lake  have  been  very  fully  referred  to  in  chapter  III,  and  a 
reference  to  plate  13  will  render  the  situation  there  clear. 
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All  the  outlets  are  now  artificially  controlled,  three  for  power  purposes  one 
!)>■  nteans  of  an  old  nitake  structure  at  present  kept  permanently  closed  hv 
stop-logs,  and   the  fifth   by   the  Norman  dam. 

The  Xorman  <lani,  more  fully  described  in  chapter  V,  spans  the  western 
outlet  and  was  on-mally  built  as  a  combined  control  and  power  ilam,  incor- 
poratm,;  eight  21-f<.ot  power  sluices  with  sills  at  elevation  ,040-6  (Water 
Power  Survey  datum),  four  being  P.ljarent  to  either  bank,  and  twelve  15 -S- 
foot  regjilatmR  sluices  with  sills  at  elevation  1,038-7.  All  control  is  by  means 
of  stoploics.  I  p  to  the  present  no  power  development  construnion  has  been 
undertaken  in  omnection  with  the  dam,  and  the  entire  twenty  sluices  have 
been  available  for  regulatitm  purposes. 

This  dam  is  the  <ru<-ial  fealur.-,  not  onK-  in  the  regulation  of  the  Lake  of 
the  Woods  as  a  uril,  but  in  its  proper  an.l  permanent  control  in  the  interests 
ot  h\<Iro-electric  development  along  the  entire  ri%er  below. 

Under  an  agreement  ..iteu  June  22,  1898,  between  the  Ontario  Govemment 
an.l  the  Keewatin  I'ower  Compaiu-.  the  regulation  of  the  lake  in  the  interests 
ol  navigation  is  placed  under  the  control  of  the  Minister  of  Public  Works  of  the 
province  o  Ontario.  Should  the  company  proceed  with  the  contemplated 
power  development  in  conjunction  -.ith  the  dam,  it  mav,  if  it  sees  fit,  terminate 
the  above  agreement,  guaranteeing,  however,  to  inaintain  the  water  in  the  lake 
at  ordinar>-  summer  level  for  navigation  purposes  at  all  proper  times. 

Since  the  completion  of  the  Xorman  dam  the  regulation  of  the  lake  level 
iKis  been  at  times  unsatisfactory  to  practically  all  the  interests  concerned 
This  has  been  due  almost  entirely  to  an  insufficient  grasp  of  the  magnitude 
and  diversitj-  of  the  interests  affected,  and  to  the  lack  of  run-off  data  upon 
which  the  capacity  and  resources  of  the  lake  and  watershed  could  be  establishe<] 
aiKl  properly  conser^•ed.  It  is  hoped  that  the  information  compiled  an,l  pre- 
sented in  this  report  and  which  is  b.ing  continually  augmented  by  further 
field  study,  will  supply  this  deficiency. 

The  importance  of,  and  necessity  for  placing  the  control  of  the  regulation 
of  the  Norman  <lam  in  the  hands  of  an  impartial  central  authority  will  become 
more  apparent  as  the  relation  of  the  lake  to  the  basin  as  a  whole  is  analysed. 

suRFA(  f:  i.f:v.-ls  of  tiii-:  i.aki-  or  the  woods. 

It  is  not  the  purpose  here  to  go  into  a  detailed  study  of  the  past  surface 
leve  s  o  the  Lake  of  the  Woods,  /.n  exhaustive  investigation  into  this  ..uestion 
..  now  being  carried  on  by  Mr.  S.  S.  Scovil  of  the  Lake  of  the  Woods  Tech- 
nical Hoard,  and  a  comprehensive  report  will  soon  be  possible.  It  is  necessarv 
however,  to  .hsct.ss  the  general  conditions  which  have  existed  during  the  past 
few  years,  m  order  to  properh-  appreciate  what  will  be  involved  by  a  regu- 

u'Tll  T       u-    '\  '"'^""^'^  "^  ''''  P°^-  "'-"'«  -"'1  P-i-ts  on  fhe 

river  below,     lo  this  end,  table  20  of  mean  monthly  elevations  is  appended 
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The  alxno  tiKures  Iroiii  IXW  (given  to  Water  I'owir  S  (latum)  show 

a  considcTahle  and  a  (liridoflly  irrcfiular  raiigi-.  In  I'ollowinj.  im-  surface  levels 
from  year  to  year  there  is  ample  evidence  thai  nc  ...ntinuous  and  systematic 
policy  dictated  the  operation  of  the  control,  other  than  efforts  to  better  imme- 
diate ami  local  conditions  at  times  when  the  same  liecam(>  imsatisfactory  to  the 
power  and  navigation  interests.  This  irregular  conind  was  the  result  of  a  lack  of 
rim-ofl  data  with  which  to  measure  the  actual  discharging  capacity  of  the  river, 
and  also  of  the  fact  that  in  gt-neral  there  was  ample  water  .i\  ailai.le  for  local  needs 
at  the  outlets  of  the  lake.  The  year  l'>ll,  during  which  tlie  mean  elevation 
was  1055 -9,  was  the  period  of  most  adverse  conditions  for  lioth  power  and 
navigation.  On  theoiher  hand,  lake  levels  above  elevation  11)60  are  common, 
twenty-one  months  showing  mean  records  :il)o\e  this  limit.  These  levels  repre- 
sent average  monthly  elevations.     Daily  records  show  more  extreme  conditions. 

THEORETIC.Vt.    IM'I.OW    .\V.\1I..\HI.I-:    .\T    OlTI.i;!'    lOK     I'OVVICR     AM)    srORAC.K. 

From  a  consi<leration  of  the  lake  levels,  it  is  readily  po.ssihie,  hv  making 
allowance  for  the  rise  and  fall  in  the  lake  from  month  to  inonlh,  to  deduce  the 
conditions  of  storage  and  draw  which  have  maintained  during  the  past  seven 
years.  In  undertaking  a  c  alculation  of  this  nature,  it  was  not  deemed  advisable 
to  base  the  saim-  on  .single  readings  at  the  beginning  and  end  of  each  month, 
nor  was  it  advisable  to  depend  only  on  a  single  series  of  gauge  readings,  where 
others  were  available.  The  lake  level  is  subject  to  inlluence  by  sudden  storms 
ami  by  prevailing  winds.  In  order  to  eliminate  so  far  as  possible  all  such 
influences  afTectin.g  the  surface  level,  a  mean  of  eight  da\s'  records,  four  at 
the  end  and  four  at  the  c(mimencement  of  each  month,  was  taken  of  the  Kee- 
watin  gauge  readings,  and  combined  with  a  similar  mean  of  the  records  secured 
at  the  foreba>-  of  the  Kenora  power-house,  and  at  Warroad,  on  the  .southwest 
shore  of  the  lake,  whenever  such  records  weic  available  or  considered  reliable. 
Thus  the  average  of  the  gauge  records  each  month  end  was  utilized,  and  the 
result  is  considered  to  indicate  fairh'  accurately  the  actual  lake  level  from  whi-h 
the  past  storage  conditions  ran  be  deduced  from  month  to  month.  Based  u,Hin 
these  monthly  changes  of  level,  the  theoretical  inflow  into  the  lake  has  been 
calculated  While  the  resulting  figures  imiicate  the  monthlv  intlow  into  the 
l.ike  which  would  have  taken  place  had  its  surface  been  maintained  at  a  uniform 
level,  they  do  not  indicate  the  theoretical  outflow  which  would  have  taken 
r'ace  fnmi  the  lake  had  there  been  no  artificial  regulation  at  the  outlets,  since 
t!ie  lake  would  under  such  conditions  have  varied  in  surface  elevation  according 
to  various  stages  (jf  flow.  However,  the  deduced  theoretical  inflow  gives  the 
water  which  would  have  been  available  for  u.sc  at  the  outlet. 

Again,  during  the  period  under  discussion.  Rainy  lake,  in  the  basin  above, 
was  artificially  regulated,  and  the  flow  therefrom  consequentlv  affecteti  the 
monthly  inflow  into  the  Lake  of  the  Woods.  As  a  result,  the  deduced  theoretical 
inflow  does  not  represent  wholly  natural  conditions  on  the  basin.  It  is  con- 
sidered, however,  that  the  two  sets  of  figures  in  table  21  hereunder,  representing 
as  they  do,  the  actual  monthly  outflow  from  the  lake,  and  'he  theoretical  monthly 
inflow^  into  the  lake,  will  serve  as  a  fair  basis  on  which  to  discuss  its  general 
storage  possibilities. 
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A  comparison  of  the  mean  monthly  si-\fn-M-ar  out  How  an<l  inflow  as 
rerordcd  in  rolumns  16  and  17  illustrates  at  on.e  the  more  natur.il  conditions 
which  are  apparent  in  the  inflow.  Th,.  low-flow  iHTi.Kl,  as  is  to  he  expected, 
occurs  during  the  late  fall  and  winter  UKjnths,  and  is  followed  l.v  the  rise  to 
flocxl  flow  in  Ai.ril,  May,  and  June.  That  the  two  columns  .lo  not  .dtoKether 
balance  is  apparent  from  the  mean  flows  for  the  cvcle,  i.e.,  12,().S2  secoiul-fect 
outflow  and  12,41,?  second-feet  inflow.  A  porti(.n  (,f  this  dilTerence  is  accounted 
for  by  the  fact  tluit  at  the  end  of  the  peri(,d  the  lake  st.xKl  ai  ()-7  fo.,t  higher 
ele%ation  than  on  January  1,  1<;|)7,  and  the  volume  e.iuivaieni  K,  this  de|)th 
was  m.t  av  uilable  as  outfl.nv.  This  volume  would  supply  a  continuous  run-olT 
of  \.U  second-feet  for  seven  >ears,  which  practicall>-  m.ikes  the  two  mean  flows, 
12,184  ami  12.41.?  second-feet  outflow  and  inflow  ies|KctiveIy.  The  rem.iining 
balance  of  n<)  second-feet,  amounliuK  lo  less  th.,n  2  per  cent  of  the  seven-year 
mean,  must  be  put  down  to  inaccurate  gauge  records,  since  tl.  actual  discharge 
on  which  the  whole  is  based  remains  the  same  throughout. 

Kvaporation  losses  do  not  enter  int(,  the  calculation,  since,  whether  a  rising 
or  a  falling  stage  is  in  (|uestion,  the  net  result  of  con^ide^ing  the  rise  or  fall 
recorded  by  the  gauge  as  the  equivalent  of  actual  inflow  or  outflow,  is  that  the 
evai)oration  loss  is  eliminated. 

A  glance  through  the  table  indicates  that  fifll  natural  conditions  are  not 
shown  by  the  deduced  inflow.  Abnormal  figures  may  be  the  result  of  incorrect 
run-otf  data,  poor  gauge  records,  storage  operations  in  Rainy  lake  above,  or  of 
a  combination  of  these  conditions.  The  general  results,  however,  balance  up 
well  for  the  c\  cle  as  a  whole.  It  is  therefore  on  the  theoretical  inflow,  rather  than 
on  the  actual  measured  discharge,  that  the  following  discussion  has  been  based. 

In  a  lake  <,f  the  area  of  the  Lake  of  the  Woods,  a  few  inches  storage  or  draw 
has  a  very  marked  effect  on  the  outflow,  and  the  changes  of  knel  which  have 
occurred  during  the  past  seven  years  have  exercised  a  very  modifv  ing  influence 
on  the  discharge.  A  rcfirence  to  the  records  year  by  year  in  table  21,  and  to 
mean  monlhly  flows  of  the  cycle  as  recorded  in  columns  16  and  17  illustrates 
this  concisely. 


STORAGE    I'OSSIBILITIKS   OF   Till-    I..\KI-;    OI'   TlllC    WOOns. 

The  total  drainage  aiea  abo-  the  Lake  of  the  Won.ls  is  26,400  square  miles 
of  which  about  10,4(^0  s mare  miles  immediately  adjacent  to  the  lake  and 
lying  prnicipally  to  tiie  south,  can  be  served  by  no  reservoir  other  than  the  Lake 
of  the  Woods.  The  maximum  storage  r«iuiremem  as  deduced  from  the  Rainy 
lake  run-off  data,  is  0-174  billions  .,f  cubic  feel  per  square  mile.  Tlie  Rainy 
lake  run-off.  as  less  influenced  by  storage  in  the  upper  reaches,  is  more  nearly 
represeiita'  j  of  natural  run-off  conditions  than  is  that  of  the  Lake  of  the 
W  uuds.  (  this  basin  it  is  essential,  if  a  uniform  mean  flow  is  to  be  maintained 
from  the  ouHets,  that  the  Lake  of  the  Woods  provide  storage  capacity  for  181 
billions  of  cubic  feet,  calling  for  a  storage  depth  of  4 -.32  feet.  This'  assumes 
that  the  caiiacity  and  distribution  of  the  lakes  serving  the  bal.mce  of  the  water- 
shed is  such  that  they  can  fully  and  satisfactorily  regulate  the  run-off  of  the  same. 
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A  study  of  till'  wait  r>licil  will  show  thai  this  assiiinpiioa  is  not  w.irr.mtiil. 

Tlu'  aiiai\sis  of  ihc  K.iiny  i.aki"  walcrslu'fi  sliows  the  i'xi)a»is;i\c  nature 
of  the  refill, ilioti  iu(i-ssar\  to  ensure  a  uniform  mean  (iisiji.irjie  past  h'ort  I'Vaures. 
To  I'lisiirt-  satisfa(ior>-  rejjulation,  it  is  tiierefore  necessar\'  to  ron^ider  a  urealer 
storage  depti)  than  4  •  ,<2  feet  on  the  Lake  of  the  W'ood^.  To  this  end,  5  l'e(  t  h.is 
lu'en  made  the  liasis  of  the  following  analysis. 

Tlu-  )tast  eoiidit ions  of  disehar^e  from  anil  inllow  into  the  Like,  form  a  lo^ieal 
hasis  iroiu  which  to  draw  i  onilusions  as  to  the  ineasuri' of  its  elTe<ti\eness  as  a 
ri'serxiiir.  This  is  eoNi'red  hereunder;  lirsl,  \i'ar  l)\'  \e.ir,  and  afterw.irds  for  the 
se\eii-year  i-\ele  as  a  whole.  Water  years  are  eunsidered  as  k'\'"K  hettcr 
conditions  of  tlow  from  a  renulalion  standpoint. 

Vciirly  re^uliitiou.  l</(i7-IJ.  Table  21  hereunder  lU'dueed  from  \early  mas^* 
curves,  i)resents  the  various  luinimum  llows  wlii(ii  minht  have  maintained 
(luring  the  different  years,  toj;e'her  with  the  stora^je  and  dipths  on  the  lake 
necessary  to  secure  the  same.  The  theoretical  inflow  into  the  lake  forms  the 
basis  of  the  table.  It  is  recognized  that  for  any  one  year,  it  would  be  im- 
possible to  foretell  the  maximum  remilated  llow  which  the  year's  rim-otf  would 
jH-rniit.  A  coiisideraiion  of  the  ])ossibilities  is,  however,  serviceable  as  indicating!; 
the  exceptional  storage  facilities  of  the   lake. 

Table  22.    -.Storai^e  Conditions  'ii.'liiili  would  have  been  necessary  on  the  Luke  of  the 
Woods  in  order  to  mainUiin  various  Minimum  Floics  from  year  io  year. 
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'I'lu'  waRT  yi-ar  idviTiiiK  ilu-  pirii,,]  fruin  .Xpril  1.  1007.  to  .Xpri!  1,  1')()S, 
was  tlK' yiar  of  most  .implc  How  in  tlu'cyrU-.  .\  im-an  flow  of  10.4,U  sccond-lctt 
was  rcronkd.  I.itili'  troiil)li"  wmili'  have  hoin  I'xptriciacd  in  mainlaiiiiiiu 
this  throuKhmit  the  year.  Thi-  tnoiilh  of  .\i)ril  was  slatk,  there  heiii^'  only 
8,.U4  serond-feet  availahlo,  involving'  a  slorane  retiiiiremint  of  ,?()•()  billions  of 
ciihicfeet.oradepthof  ()-71  foot  on  the  lake  on  the  first  of  the  month.  .Ns^iimin^ 
this  to  have  been  available,  the  lake  stifface  would  have  been  rediiceil  to  zero 
levtl  by  May  1.  Following  came  a  jHTiod  of  amjile  (low,  coiitinuinji  till  llie  end 
of  October,  during;  which  time  a  .stirphis  volume  to  the  extent  of  78  billions  of 
cubic  feet  was  available  for  storane,  c.illiiiK  f'»r  a  rise  of  1  -91  in  the  surface  level. 
This  would  have  been  the  Krealest  storajje  depth  necessary  throuKlioul  the  year. 
From  October  31  to  the  end  of  the  water  year  on  .\i)ril  1,  1908,  there  w,is  a 
constant  slackness  in  run-off,  retiuirin^  a  steady  draw  on  the  storage  until  th.' 
lake  level  was  reduced  to  ()'71  on  the  latter  date.  In  short,  startinti  with  0-71 
foot  on  the  lake  on  -April  1,  1907,  the  lake  level,  reduced  to  zero  by  .April  M). 
would  have  risen  to  1  -91  foot  on  October  .^1,  and  fallen  gradually  to  071  at  the 
end  of  the  year,  mahitaining  throughout  the  period  a  uniform  discharge  of  19. 4U 
second-feet . 

In  the  year  1908-9  a  sufficient  water  supply  was  again  available  to  permit 
a  substantial  discharge  being  maintained  and  with  but  little  variation  of  the  lake 
levels.  The  mean  flow  of  the  year,  13,274  second-feet,  involved  no  initial  slack 
period  at  the  commencement  of  the  year,  such  as  was  re(|uired  in  the  i)re\  ious 
year.  With  the  exception  of  a  slight  shortage  in  the  month  of  .August,  ther^- 
was  a  continuous  surplus  How  available  until  September  30,  by  which  date  it 
wouKl  have  amounted  to  80  billions  of  cubic  feet  and  have  raised  the  lake 
level  (assuming  zero  at  beginning)  1  92  foot.  The  slack  discharge  which 
followed  would  have  lowered  the  lake  to  zero  by  the  end  of  the  water  year. 
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The  yoar  of  19(1''  10  w.is  also  a  yiar  of  liinh  riin-off,  a  nu-an  of  14,66')  «•(  oiid- 
fri-l  Iciiin  ri'conU-d.  Ilu-  nionlli  of  April  was  Iwlow  llir  mi  ,m,  ri-t  onliiiK  4,N20 
srioiii  -fill,  and  tu•l^>silatiIl^  an  initial  storam'  of  Ooi  foot  on  tin-  lakf. 
I'liro-iKliont  till'  yi'ar,  the  How  was  slinlitly  more  irregular  than  in  the  two  yc.irs 
<liHCUssi'(l  ,d)ovf.  In  order  to  maintain  the  t4,66<>  second-feet,  regulation  of  the 
lake  surf.iie  would  h.ive  lieen  n(res>,ii;  only  hetweeii  every  narrow  liinilv 
The  m.iximum  stora^;e  depth  reiiuired  would  have  been  the  0-62  foot  at  the 
lii'uinniiiiu,  of  the  year. 

The  year  lOlO-l  1  was  a  year  of  redii.  ed  nm-off,  the  mean  llow  heinj?  S,«)52 
sec-nd-feet.  lo  maintain  this  discharne  from  the  lake  would  have  called  for  a 
stoia^e  depth  of  2' 14  feel,  this  maximum  ((ccurrinfj  on  June  M).  After  this 
date  came  a  period  of  continuous  low  flow,  c  dliiin  for  a  steady  drau  on  the  Like 
until  the  end  of  the  year.  In  all,  <;2  billions  of  cubic  feet  storage  would  h  iwlucn 
required. 

.•VsMimiiiK  thai  surplus  water  was  available  from  previous  years,  it  will 
serve  a  inir|K)se  to  hmk  into  the  ((uestion  of  maintaining  the  seven-year  mini 
unilorm  (low  of  12,442  second-feet.  With  the  existing  run-off  conditions,  a 
m.ixiininn  storage  reciuireinent  of  174-5  billions  of  cubic  feet  would  '.lave  Incn 
necessary  in  order  t<j  supi)ly  the  deficiencies  throughout  the  year,  and  would 
have  involved  a  maximum  depth  of  4- 17  feet  on  the  lake,  of  which  2-6«  feet 
sh()ul<l  have  been  available  at  the  coininencement  of  the  year.  The  date  of 
highest  water  would  have  been  June  .SO,  and  of  low  water,  the  winter  months  of 
Jaiui.ir\-,  February,  antl  Mar.h. 

The  year  1911-12  supplied  a  mean  run-ofT  of  7000  cubic  feet  ixi  second. 
Tiie  maiiileiiance  of  this  flow  would  h.cVe  involved  a  tiiaximum  storage  ol  .^.S 
billions  of  cubic  feet,  and  a  storage  depth  of  0-78  foot  on  the  lake.  To  have 
ensured  12,442  second-feet  throughout  the  year  would  have  re(iuired  an  initial 
storage  of  175  billions  of  cubic  feet  or  a  depth  of  4-18  feet,  which  would,  with 
the  exce|)tion  of  the  month  of  June,  have  bcvn  continuously  drawn  U|X)n  through- 
oiii  the  year  and  reduced  to  zero  by  the  c  I  of  t'le  following  March. 

The  year  1912-1.?  supplied  a  mean  Ilu      of  l.?,191   second-feet,  som -what 
abo\e  the  se\-en-year  average.     To  have  rendered  this  (low  available  ai   the 
outlets  during  the  entire  year  required  a  storage  depth  of  1-29  foot  on  the  la' 
An  initial  storage  depth  of  0-48  foot  would  have  been  necessary. 

The  year  191.U14  was  below  the  mean  discharge,  10,579  .second- 
feet  being  a\ailable.  To  secure  this  uniformK-,  requircHJ  a  storage  volume  of 
55  billions  of  cubic  feet  and  a  depth  of  IM  foot.  No  initial  storage  would 
ha\e  been  necessary.  To  maintain  the  seven-year  mean,  i.e.,  12,442  second- 
feet,  called  for  a  storage  \-olume  of  94  billions  of  cubic  feel,  and  a  maximum 
dei)th  of  2-26  feet,  1-39  f(X)t  of  which  was  necessary  at  the  beginning  of  the 
year.     Highest  water  would  have  occurred  on  July  31. 

This  re\iew  tlefmitely  emphasizes  the  value  of  the  lake  for  reservoir  pur- 
poses, and  when  parallelt^l  with  the  conditions  of  run-off  which  actually  main- 
tained, forms  a  <lirect  argumenr  for  the  nbcessity  of  control. 

Rcjiidation  over  the  sei'en-year  cycle. — Turning  to  the  seven-year  cycle,  it 
is  of  interest  to  look  into  the  nin-..rf  from  the  standpoint  of  maintaining  fixed 
uniform   discliarges   from    the   lake   throughout   the  entire   period.     Plate   22 
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'lahle  2'  is  conipikd  fnmi  a  mass  ciirvo  study;  culmiiii  .?  lists  the- 
maximum  volunio  of  storage  capacity  m-ccssary  to  mcft'tlic  most  adverse  coii- 
clitions  in  tlic  cycle;  column  5  lists  the  total  volume  of  water  wiilidrawn  from 
the  reservoir  ihroujjlioiit  the  [RriiKl. 

Analysing  the  maintenance  of  12,442  s.-cond-feet  more  fullv  from  the  mass 
curve  (plate  2.'i  i  shows  that,  with  li.ree  insiKnificnt  exception^!  thi  is  a  larue 
surplus  .)f  water  continuously  availal.h-  until  OcIoIkt  1.  I'XW,  :,t  wiiich  date 
a  sla(  k  iieri.Hl  sets  in,  la  iuR  until  the  followiiiK  Mav.  Ninetv-  billions  of  cul.ic 
ftjt  from  sti  .,  rcluciiiK  the  lake  level  by  2- 16  feet  only,  would  maintain 
the  re(|uire(l  v-  over  this  ^;.ip,  while  the  surplus  (low  commencing  May  1 
I'XW.  uould  i.iiil  the  lake  l,y  the  eml  of  March,  t<>l(),  and  suppiv  .i  furilur 
6-;  hiMuiiK.  of  cubic  feet  to  the  upper  storage  reservoirs  by  the  eml  of  June. 

"•'•  'his  date,  there  has  l)een  a  surplus  How  totalling  .?H()  billions  of  cubic 
feet,  vhicn,  provi<ling  suitable  reservoirs  are  in  reser\e,  should  Ik-  av.iil.ibic 
to  augment  the  prolonged  periixl  of  slack  and  variable  llinv  wiiich  follows 

Commencing  July  1,  1<;1(),  a  periinl  of  more  or  less  continuous  l„w  How 
follows  lasting  until  March  i\,  1012.  A.ssuming  5  feet  storage  avail.ible  on 
the  Like  ol  the  \Vo<k1s  leaves  the  lake  al  its  lowest  limit  bv  about  the  mi.ldle 
of  August,  ion,  immediately  after  which  date  a  further  .Iraw  of  1,^0  billions 
IS  retimred.     T..is  must  be  furlli^lled  from  nther  reservoirs. 

M.irch  M  is  followed  by  a  series  of  alternating  surplus-  and  low-llnw  months, 
until  the  end  of  the  cycle  on  March  31,  1014,  bv  which  d.ite  a  further  draw  of 
32  billions  has  been  necessary  from  the  up,K'r  reser\uirs.  The  en<l  of  the  c\cle 
should  find  the  entire  reservoir  system  empty. 

The  above  analysis  indicates  that  a  storage  ca;  citv  of  .^.SO  billions  of 
cub.    (cct  IS  re-quir«l  if  a  flow  of  12,442  «-coii,l-leei  is  to  be  maiiu.iincii  through- 
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WixmIs  aviiilahlo  for  the  location  of  siiital.K-  icsirvoirs,  indicati's  how  this 
stora^'o  ininlit  l)o  ol.laiiicd.  Fivi-  k-vl  on  l.aki-  of  tin-  Woods  will  supply 
2(Wl>illions  of  cuImc  k-vl\  5  feel  on  Kainy  iaki'.  46  liillions;  12  fioi  on  lake 
Nainakan  ^^  billions,  k-aving  ^2  billions  of  cubii-  fed  to  bf  siipplii.l  from 
tlu-  lesser  reservoirs.  Referring  to  tables  14,  15,  and  10,  wherein  are  listed  ilie 
Iirineipal  lesser  lakes  of  the  basin,  shows  a  sloraKo  capacity  of  120  billions, 
assinning  5  feet  storage  perniiss.d)le  on  each  lake,  or  sulVicient  depth  to  carry 
an  entire  average  year's  run-off  where  llie  same  amounts  to  Kss  tliaii  aii 
e(|uivalent  of  .S  feet.  Storage  in  thes-  lakes  would  nc.i-silale  the  coaslruclion 
of  some  60  dams. 

However,  it  is  not  possible,  to  assume  that  the  storage  reservoirs  of  Rain v 
and  .\amakan  lakes  and  of  the  lesser  lakes  in  the  basin  above  Fort  Frances  <an 
be  used  unreservedly  for  tiie  maintenance  of  a  uniform  discharge  at  the  outlet 
of  the  I^ike  of  the  Woods.  In  view  of  the  industrial  and  powiT  devilopments 
at  the  outlet  of  Rainy  lake,  and  of  their  present  urgent  demand  for  increased 
minimum  flow,  the  storage  available  in  Rainy,  .Namak.in,  and  the  upper  lakes 
must  be  primarily  used  in  bettering  the  discharge  past  I'ort  Frances.  Regu- 
lation at  this  point  will,  of  cf)urse,  have  its  innnediate  and  direct  effect  on 
the  I^ike  of  the  Wo(mIs  regulation. 

The  principal  lesser  lakes  below  I'orl  Frances  and  directly  available  to  the 
I.ake  of  the  Woods  are  tabnlated  in  table  14,  The  storage  cipacits  of  these 
lakes  nnder  the  conditions  listed  in  columns  12  and  IS,  is  21  billions  of  cubic 
feel,  which  could  Ik- used  to  directly  supplement  the  lake  storage.  It  should 
be  again  noted,  however,  that  existing  lumbering,  fishing,  milling,  .ind  oilier 
interests  may  prevent  the  full  utilization  of  these  smaller  lakes  for  a  gcniral 
regulation  scheme,  and  that  the  cons.niction  of  some  15  dams  is  invoKed. 

From  the  above  it  is  clear  that  in  order  to  maintain  the  full  mean  How  from 
the  I.ake  of  the  Woods,  supplementary  storage  is  necessarx'  in  the  upper  lake-, 
even  assnming  .S  feet  storage  in  the  lake  il-elf.  It  is  doubtful  whelluT  such 
complete  regulation  is  ccon.miically  valuable  or  practically  fea-ible  on  .iccoimt 
of  the  low  efliciency  in  a  general  storage  sense,  of  a  large  mnuber  olCompara- 
tively  small  and  scattered  reservoi.s.  The  niaintenanic  of  a  minimimi  How  of 
l(),.StK)  second  fe.'t  should  be  readily  feasible  mider  a  properly  sxstcmJAd  conlrol. 

.\ssimiing  that  no  reser\<)irs  were  avail, d)le  oilier  tlian  the  F.ikc  n\  the 
Woods,  would  iMcessilale  a  storage  dcplli  of  ,a  tr  1(1  feel  (.n  ihc  i.ike  in  onlcr 
to  mainlain  a  uniform  How    fidiii   the  outlets. 

Five-fool  Sloraoc  on  Ihc  Lake  of  Ike  Woods.  Considering  for  a  nionieiit  lli.it 
.5  feet  storage  or  20')  billions  of  cubic  feet  is  avail.ible  on  the  L.ike  of  the 
Woods,  with  no  auxiliary  slor.ige,  the  .iclu.il  inllow  into  liie  Like  would  li.uv 
Uvn  snf'ticienl  to  maintain  ,i  uniform  onttlow  of  ,i|  least  1.^,600  Mioiid-lret 
from  May  1,  l'J07,  lo  June  M),  1<>1().  Dmiug  this  ,.erio.l  .i  m,.xiiiunn  dn.w  of 
111  billions  of  cubic  feet  would  be  re(Hlired,  or  2-67  feel  on  the  lake. 
.\mple  u.iter  was  availabh'  lo  suppK  the  storage  iiecess,ii\  .  ,iiid  I.)  Ic.nc  llic  I, ike 
surface  .il  its  u])per  limit  on  the  hitter  d.iie.  l-'ollowing  June  M\  came  tiie  pro- 
longed jieriod  of  low  discharge  previously  referred  to.  I'ive-fool  dr.iw  on  the 
lake  would  permit  the  mainten.ince  of  a  uniform  discharge  of  pniiii.alK  KldlKl 
second-feet   from  the  above  dale  to  the  end  of  the  cyde,   llie  Like  reaching  its 
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lowest  ,M,int  on  March  31.   1012,  an.l  hnn^  replenishcl  to  the  extent  of  12.) 
billions  of  eul.ic  feet  or  to  a  depth  of  2-87  fee.  hy  the  end  of  the  per.,,. 

I,  should  be  poi,Ued  o..t  that  there  is  no  .nethod  hy  which  .t  co..U  be  fore- 
told that  10,000  secon.l-feet  W....1.1  be  the  lim.t  of  reg^.lated  ru.voff  for  that 
no  in  of  the  cvde  followh^R  June  30,  1010.  The  discuss.on  .s  therefore  o,.l> 
oHnterest  as  a  'theoretical  analysis  of  past  possibilit.es  n.  as  far  as  can  be  judged 
from  records  now  available. 

Regulation  on  the  Lake  of  the  Woods  in  the  interests  of  the  Manitoba  Pourr 
P.nrh  The  foreeoi.iK  dis.i.ssion  has  deal,  wi.h  .he  maintenance  of  various 
^  t;^!; :in!::'«;;i  from  the  outlets  of  the  Lake  of  the  Woo.ls.  The  d.rec. 
mili/a.ion  of  the  lake  as  a  storage  reser^•oir  for  bettering  the  run-o  f  nmdit.on 
o  he  power  rea.h  i.i  Manitoba  and,  at  ,he  same  time  maintaining  sufhc.e 
r  n-off  to  properly  operate  .he  power  plants  and  nulls  at  the  outlets  si 
panicular  interest  to  the  subject  of  this  report.  ..e.,  power  resources  of  .he 
Winni.iee  river  in  Mani.oba.  ,    , 

While  the  run-ort  records  available  are  in.luence.l  by  past  control,  and  the 
deduct  ns  are  consequently  thereby  affected,  the  general  benehc.a  influen  e 
'd'ch  couhl  have  been  exer.ed  by  the  lake  under  a  systemat.c  and  properK 
opera.e.l  regulation  can  be  gathered  from  the  following.  .        ,       , 

Plate  24  represents  the  run-off,  storage  and  .Iraw,  and  the  surface- eel 
condftbns  which  wouUl  have  maintained  had  the  Lake  of  the  Uoods  been 
utilt  as  a  direct  regulatir,«  resenoir  for  the  maintenance  of  a  min.num 
flow  of  20,000  cubic  feet  p-r  .  cond  in  the  Manitoba  ^o^^^  ^^^^^  "^ 
same  time  provided  sufficient  discharge  to  properly  operate  the  mdustnal  an.l 
nnwer  un.lertakings  at  the  outlets. 

^  For  he  urposes  of  the  analysis,  elevation  1,061-0  (Water  Power  Sur^•ey 
datum)  was  assimcl  to  be  .he  upper  limit  of  permissible  storage,  and  on 
re  Chi.  g  this  level  it  was  assume.l  that  the  surplus  water  was  d.scharge.l  do. 
h  i  vr.  The  lower  surface  level  curve  represents  the  actual  mean  monthb 
Kl^e  le  el  during  the  peri.,<i.  The  upper  surface  level  cur^.e  represeus  he 
ake  eve  which  coul.1  have  been  maintained  under  a  systematically  controlled 
regulation  which  ensured,  at  the  same  time,  sufficient  water  to  properly  operate 
Jhtl^ant"  at  the  outlets  of  the  lake,  and  a  fl<.w  of  20,000  cubic  feet  per  secon.l 

in  the  Manitoba  power  reach.  ....  .,       r  mn?  ,.«,.1rl 

An  anaKsis  of  the  curve  sh.nvs  that  the  two  initial  m.3nths  of  1007  ^^oul, 
suppK   a  surplus  of  25  billions  of  cubic  feet  for  storage;    the  three  f..  low.,  g 
Z!1^.:M  ..raw  to  the  extent  of  31  billions,  after  ^^^^^:;;^^;^^ 
How  listing  until  the  en.l  of  February,  1000,  w.nild  supply  a  tc^tal  of  .15  hi  hons 
r^il  ble  f.,r  st.,rage.     Of  this  tot.'     130  billions  are  stored,  and  the  balance 
'^"t^    the   ake  reaching  elevation  1,061  on  Oct.,ber  7.  1007.    The  curve  shows 
ht      ri.      of  greatest  .Iraw  extending  from  September,  1010  to  the  end  .,f  June 
.1      re.,uiring  131    billions  of  cubic  feet.     The  lake  reaches  its  lowest  level 
in  June,   lOllN.e.,  elevation  1,057-0.     A  series  of  storage  and  draw  per.ods 
followinc  leaves  the  lake  full  on  December  31.1014. 

'  T^l:::.  surface-level  curves  indicate  the  more  uniform  and  -gu  -  con  - 
diti.>ns  which  woul.l  have  been  maintained  on  the  lake  .hroughout  the  eyck 
h  Systematic  regulation  been  carried  on.     In  place  of  an  actual  d.fference  m 
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lake  level  of  5-4  feet  f..r  somewhat  in  excess  of  this  if  dailv  elevations  are  con- 
sidered) there  need  only  have  inen  a  difference  of  ,M  feet.  At  ih.^  same  time 
in  place  of  the  actual  low  How  of  11,700  secon.l-feet  on  the  power  reach,  a  How 
cf  20,000  second-feet  would  have  been  ensured. 

The  analysis  on  i>late  2.S  is  alon^  the  same  lines  ,-,,  the  ah.ne  with  th  ■ 
exception  that  a  minimum  discharge  of  22,000  second-fe.  i  is  maintained  in  the 
power  reach  in  Maniloha.  Inder  these  conditions,  the  lowest  lake  \vxv\  V 
elevation  1,056,  occurriuK  in  April,  1912.  .hat  is  to  sav .  a  maximum  variatioii 
of  5  feet  occurs  durinj;  the  eight  years  considered.  The  lake  risvs  to  el.  vatio.i 
1,059-2  at  the  end  of  1914. 

It  is  apparent  that  under  the  present  conditions  of  power  utili/alio„  at  the 
outlets  of  the  lake,  it  wouhl  I.e  possible  to  secure  a  ver^  high  degree  of  regulation 
in  the  Manitoba  power  reach  by  the  direct  and  properlv  controlled  u-e  of  the 
lake  of   the  \\oo<ls  alone  as  a  reservoir,  and  at  the  same  time  to  greatly  bett.r 
past  surface-level  conditions,     fpon  the  increased  devc-lopment  of  ,,owit  at  the 
lake  outlets,  necessitating  the  use  of  more  watiT  tli.ui  has  been  require.l  to  date 
the  use  of  the  lake  in  this  manner  will  become  more  limited,  and  ii  must  b' 
devoted  more  exclusively  to  the  maintenance  of  higher  mii.imum  outllows  at 
all  seas(,ns.     Its  n.tluence  on  the  Manitoba  reach   un.ler  these  cou.liti.Mts  wi  I 
be  entirely  benehcial,  but  not  as  direct  as  that  shown  in  the  anaivsis  „n  plates 
24  and  2:,.     As  hx.lro-electric  de^•elopment  progresses  in  Ken.^ra  and  Keiwatin 
It  will   become  necessary  to  secure  supplementary  storage  along  the  English 
river,  in  order  to  ensure  20,000  cubic  feet  per  second  in  Manitoba  at  all  seasons 


To  sum  It  may  be  said  that  in  whatever  manner  regulation  of  the  run-off  m  n- 
be  desired,  a  substantial  measure  of  regulation  in  the  lake  of  the  Woods  is 
essential.  The  records  now  available  show  that  this  measure  of  regulati.  n 
should  not  be  less  than  5  feet,  in  order  to  ensure  from  Near  to  xvar  the 
desired  run-otf  conditions  from  the  lake  and  on  the  lower  river.  It  is  desir.ble 
toemphas.ze  here  that  the  necessity  for  lowering  the  lake  to  its  low  limit  woul.l 
arise  only  at  intervals  of  a  number  of  years. 

Rainy  L.\ki-;  Waikkshico. 

The  watershed  draining  into  Rainy  lake  has  an  an-a  of  14,400  square  miles 
and  ,s  plentifully  interspersed  with  lakes  of  areas  varving  from  a  few  square 
miles  up  to  ICO  square  miles.  The  discharge  records  at  Fort  Frances  at  the 
outlet  of  the  lake  fo.m  the  only  consecutive  series  in  this  region  extending 
back  to  the  beginning  of  1907.  Such  records  as  are  available  in  the  upper 
basin  are  not  suthciently  com,,lete  to  warrant  more  than  passing  reference 
In  consequence  of  this,  the  basin  above  Fort  Frances  is  treated  as  a  unit  in 
considering  the  regulation  of  its  outflow.  The  large  industrial  un.ler.akings 
at  the  outlet  of  the  lake,  dependent  for  power  on  the  run-off,  alreadv  deman.l 
that  the  minimum  (low  be  raised  to  the  highest  feasible  limit. 

RAINY   LAKi:. 

Rainy  lake,  lying  centrally  in  the  lake  of  the  Woo.ls  drainage  basin,    is   a 
body  of  water  some  330  square  miles  in  area,  plentifully  dotted  with  islands, 
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and  is  inciostnl  on  all  sulcs  by  a  rockixmiKl  shore.  The  tributary  drainatre  basin 
is  of  the  same  general  Reologieal  cliaractiT  and  is,  in  consetiuence,  plentifully 
inters|)ersed  with  lakes. 

Rainy  lake  forms  a  most  valuable  storage  reservoir,  both  locally  and  in 
relation  to  the  basin  as  a  whole.  The  hydro-elertric  and  pulp-mill  installation 
of  the  Ontario  and  Minnesota  Power  Company,  which  harnesses  the  original 
Koochiching  falls,  about  2'i  miles  below  the  outlet  of  the  lake,  demands  as 
complete  a  regulation  as  possible  of  the  entire  rim-off  from  the  basin  above. 
The  low-water  conditions  which  have  been  ex|K'rienced  since  these  works 
were  first  projected  ha\e  forced  the  comjiany  to  pursue  an  aggressive  storage 
policy.  To  this  end,  storage  rights  are  stated  to  have  l)een  ac(|uired  on 
lakes  Namakan,  Lower  Manitou,  and  Big  Turtle  in  the  basin  above,  in 
additicm  to  the  storage  which  is  locally  axailable  in  Rainy  lake,  which  lake 
forms  the  direct  headwater  pond  <jf  the  plant. 

The  dam  whi<-h  is  more  fully  referred  to  in  chapter  V,  consists  of  a 
masonry  spillway  section  flanked  on  the  Canadian  side  by  ten  gate-controlled 
sluices.  The  spillway  crest  is  at  elevation  497,  based  on  an  arbitrary  datum' 
established  by  the  Donv  lion  Department  of  Public  Works,  to  •>hich  the 
governing  levels  in  the  vicinity  have  been  referred,  and  which  is  fixed  by  per- 
manent bench-marks  in  the  locality.  The  normal  level  in  the  lake  prior  to  the 
construction  of  the  works  at  the  outlet  has  been  |)lac-ed  at  488-6,  although 
no  gauge  records  are  a\ailable. 

Numerous  complaints  have  been  made  at  dilTerent  times  as  to  the  manner 
in  which  the  company  have  operated  the  regulation  of  the  lake.  These  com- 
plaints have  been  in  the  main  of  Iwo  natures:  first,  that  at  certain  seasons 
water  has  been  conserved  to  such  an  extent  that  the  flow  from  the  river  bei.)w 
has  been  cut  off,  and  navigation  and  power  interests  adversely  atifectwl;  and 
second,  that  the  sami'  conservation  has  resulted  in  abnormally  high-water 
conditions  on  the  lake,  with  consetiuent  damage  to  xarious  interests.  The  only 
restriction  which  has  been  placed  ujion  the  cxmipany  willi  rcji.ird  (o  the  regulation 
of  the  lake  is  that  by  the  Department  of  Public  Works,  which  retjuires  thiit  at 
no  lime  during  the  navigation  season  shall  the  tlow  past  the  dam  fall  below  5,000 
cubic  feel  per  seciind. 

This  measure  of  control  is  not  sufficient  to  protect  all  the  interests  which 
are  atTeded  to  a  greater  or  less  extent  by  the  storage  of  water  in  the  lake. 
Throughout  the  following  discussion  it  has  been  a.ssumetl  that  5  feet  storage  is 
a\ailable  on  ihe  lake. 

NAMAKAN    I.AKI:. 


Lake  Xamakan  lies  immediately  above  Rain>'  lake,  and  is  possessed  of 
similar  characteristics.  The  Namakan  lexel  may  be  said  to  discharge  direcily 
into  the  Rainy  Lake  level  o\er  a  rock  ri<lge  crossing  the  river-bed  and  forming 
Chaudiere  falls  (Kettle  falls),  a  natural  and  fairly  abrupt  drop  of  about  8  feet 
under  normal  conditions.  At  the  falls  the  river  is  divided  by  an  island  into  two 
channels.  Namakan  lake  has  been  taken  at  100  stpiare  miles  in  area.  This 
area  includes  the  lakes  Namakan,  Sand  Point,  Kapetogamuk,  Crane,  and  Little 

'  6I(»-30  Water  Power  .Siirve>'  (latuiii  —  0-0  Depiirtinent  of  Public  Work'  fi-'»um. 
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yermilion,  all  of  which  arc  closely  con .1  and  at  practicallv  the  san.o  lovc-1 

Ih.  tnl.uta.y  (Ir.unaKc  basin  is  7.056  squau-  n.it.-,  in  aroa.  pra.ti.allv  on,-half 
of  the  ent.re  Rainy  Lake  watershed.  .Vaniakan  lake,  like  Rainv  hke,  forms 
a  nioM  important  storage  reservoir  h.^h  loclly  an.l  in  relation  'to  the  entire 
l)asin.  tiiiiii 

The  lowest  level  reronknl  l.v    the  gauRe  rea.lin^-s  of  the  Don,inion  Water 

ower  Hran.h,  rosvnn^t  the   |HTi.Hl    from   .XuRnst.    I'^li,    ,„  June.    1<;i,<     was 

49/  .0.  oe.urnnK  on  .Mar.h  .^1.  101,?.     This  series  ol  reo.nls  was  taken   before 

any  work   uas  <l.,ne  on  the  sfrage  .lam.     The  maximum  high-water  level    as 

shown  l.\  water  marks,  is  placed  at  elevation  50X5. 

In  the  grant  made  l.y  the  Ontari.,  C.overnment  to  the  com|.anv.  authority 

;;;".,r'"  ":  ',',""'  !''^;  ^^"•^  '"   "'^-  ^^^-  ""•  ••  l-i-t  no  higher  than  the  high- 
wal(r     mark.  Before     commencing      construction      operations,      it      was 

ncM-essary  ih.u   the  Department  of  Public  Works  approve  the  plans,  sin<e  the 
lake  and  nwr  allecte.l  came  under  the  classification  of  navigable  w.iterwavs 
t)ne  of  the  conditions  of  the  departmental  approval  of  the  plans  was^  ^ 

"  I  hat  the  company  agree  that  the  control  of  the  (low  past  that  sec- 
tion shall  be  regulate<l  solely  by  such  officers  or  persons  as  mav  be  hereafter 
appointed   for  the  purpose  by  the  Minister  of  Public  Works,  .md   that 
in  case  of  any  dilterence  of  opinion,  the  ruling  of  the  Minister  of  I'ublic 
Works  for  Canada  shall  prevail." 

Den!^  ^""r'f  "?\V";v  "^  "'*"""•  ^''■-  ^-  J-  ^"''''|.Kau,  District  ICngineer  of  the 
Departmen  of  Public  Works,  was  authorised  to  arrange  for  the  control  of  the 
flow  and,  after  consultation  with  the  Inited  States  engineers  and  other  parties 
.f  neccssarv-,  ,o  hx  the  extreme  high-water  level.  Following  this,  an  arrangement 
was  m  ule  a.ul  agreed  to,  between  Mr.  Chapleau  as  representing  the  Dominion 
Department  of  Public  Works,  and  Col.  C.  I,.  Potter,  of  the  Corps  of  Kngineers 
representing  the  Cnited  States  interests,  whereby  the  high  limit  of  lake  regulati..n 
was  f^xed  at  elevation  508-5,  subject  to  reconsideration  bv  either  (iovernment 
or  by  the  International  Joint  Commission. 

This  .scores  a  regulation  between  508 -5  and   the  497,  or  lower,  should 
Kainy  lake  be  <lravvn  down. 

The  sluice-wa>s  of  the  dam  (pLae  40)  as  constructed,  are  stoplog  controlled, 
and  ot  the  tollowing  ojjenings: — 

Canadian  channel — 

1-14  foot  sluice,  sill       elevation  498- 15. 
1-14  foot  sluice,  .sill       elevation  496- 15. 
2-14  foot  sluices,  sills  at  elev.ition  495-15. 
International  channel — 

4-14  foot  sluices,  sills  at  elevation  490- 15. 
Throughout  the  cycle  under  discussion,  lake  .\amakan  was  not  subject  to 
artihcial  control  at  the  outlet,  and  except  for  the  operation  of  lumber  storage 
c  ams  in  the  upjK^r  basin,  it  discharged  the  natural  run-off  un.ler  natural  con- 
ditions. Svstematic  meterings  at  Chaudi^re  falls  were  cc.nmenced  in  August, 
1912,  and  are  attached  in  tables  63,  64,  and  65,  Appendix  VH.  No  gauge 
records  o  an>-  description  are  available  from  which  the  run-ulT  of  previous 
years  might  be  deduced. 
86376—8 


114 


Orfxirtmenl  of  the  Inlerior. 


Sinfu,e  Inch  of  Rainy  hkc.     As  w  ,s  .  I,,.  ,• ,      • 
«urf......  lends  „„   R,i„v  ,,,,,      ''  ;.7;;'  '^  '■'•^^'  •H'<--..r>   ,„  I,.„k  in,.,  ,|,,  „., 

at  arn„..i. .1  I,v..,s  i„  .„,  Hfon  ...  .,,,  J  T'^'  "'r, '•''^*'  ''-  '-"  ".aiM...i„...| 
"f  "-•  f"-'My  I..vds  of  ,lK.  plan  at.  :  ^l^^.^'^'  ^^  '-'-i-n.ous  nvor.! 
n..Mno,.r,sof,lH.(,n,ari..a„,IA,i„J;,;V.'   h!''    """'•■-'>    h.    ,.,,7    ,,,    „,., 

tn- lak..  K.v..,  as  ,1,....  i.  a„  l.v.Ira  .  u-  J  i,'?  '••  "-"''."^^  ''"  '""  -i-on, 
vary.nK  ui.h  .h.-  lake-  sta,..  an.l  .rMr  i  /  ,  '  T'V''^'  '"'^■^' "■"'  "'^- ''a".. 
7-  ,lK.  rise  an.l  fall  in  ,ho  ford  av  ,1  o, """"'''  "T  """-  "'■'■"•  ""W- 
'1--  .orn.spon.linK  ris.  an.l  fall  in  u  I  1''"  u  ""  '■'^"  '"•|.r..xin,a,c.s 
'•""'."•"">''-'   fn.n.   ,lK.  various  sou    es    a  „|  .N       "'  '     "''''^'     ^"^    ''-    '-'" 

-•■•-- ".^a„n,o„..i,d..a,ions  Of  :;:l;;tr;i;;;C^^^^ 
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c    /"'""'""'' '"fio'^' available  al  outlet  for  hn^-    '       , 
of  the  above  levels  rculers  pos    |,|     fn     ^  "'"^  ■^'"^^A'^.^A  consideration 

«nt.Uhe  lake  for  the  .K-rio.!.  '  I.ILL^Z^T'''-:' ^^'^  ^'""^"'''■^"  '""-• 
niore  nunu-rous  Kauge  rea.linKs  were  v  .  N,  ''  ■'  "^'  '^''^^'  "^  "•^'  ^^•-^'«. 
^"■';"  "•  tl.o  n,ea„  lake  level  fron,  <  av  to  |  '  "  '  •'::"■"  '''''''^''^  •'•''-""■- 
are  here  available,  an,l  which  forn.  e  b  s  of^  VT''*'"  .  ''''''  '■"""'^  -'-'' 
representative  of  actual  conditions  t  e  ,  J.  V'-'^'  '".'''''•  '"'^^•--'  -'tieientlv 
.        nun„K  the  peri.Kl  under  .iiscus   on  ''"='"'"^'  ^'''^'^  '"a-le. 

•n  the  upper  portion  of  the  basin      .r;;'"  '""'''•''  ""^"'■•"'""^  ^vere  c-arried  on 
n-tion  with  lo,,in,  operation      '  Th     tt  .^T' 'V'  '"'T  ""■^^^^'^>-  '"  <""- 
assunung  a  uniforn,  level  thro..,dK>.  t  the      I         ,\"' "^    "'''''^  '"'^  ''-'"^■"'  ''v 
he  natural  run-oft  fron,  the  l.t,in      T.We  "      1  r'"''  ''^^P^^'^*'"^  '"''-^'v 

the  actual  outflow  fron,  the  lake  -.nd    I         f'  ":''-l^'"^i^r,  recon.s  side  bv  side 
the   water  available   at   the  I'e       a"  ednc    .'f  ""  ''"*"  ''"  ''^•'^'-  '^  "^^er 

outflow  con.bined  with  the  lake  lev'  ils      JU  m"'  "  '""-''^-ation  of    ,he 

^•^e  lake  are  tabulated  in  full  in  Ubt  ^r^Je^Z-^^fi:^'-^-  ^™"' 


Wiiiiiipi"^  Knrr  I'ourr  nnd  Storm^i'  /mrsliiiulions. 
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l)e(Mirlmenl  o]  iht  Interior. 


A  Kianci-  thriiUKli  ilu-  l.ilili-  shuws  thai  in  spilt-  of  ol>viou»lv  innirri-rt  finun-H 
for  a-ri.iin  inoiitlo  iiliu-  to  ixMtr  k*"IK*'  rt'conlK)  (Ik-  gi-iu-ral  c'li.ir.ii'itr  of  llit- 
tlu-orctical  inllow  < onforinn  tnorc  cloM-ly  to  what  \*  to  Ir-  c-x|H'(-ti-il  iinilcr  iiauiral 
(-oiiditioiiH,  than  dti  tht-  actti.il  outflow  rt'cord)'.  '\'\\\*  in  liroii^ht  out  iiiorL- 
<U-litiili'K  ill  liu-  lolmiiii".  of  awraKi'!*.  U)  and  17. 

It  will  Ik-  noti-d  that  tlu-  nu-aii  !tt-vtn  yi-ar  outflow  of  7,645  cuhic  fi-i-t  iK-r 
^•(•ond  d(K'>i  not  Italancr  with  the-  7,'>J<4  cubic  ft-i-t  in-r  Mcond  inflow.  Tin- 
urt-aitT  iHirtion  of  this  ditfi-rfnct-  is  occanioru-d  l>v  tlu-  fact  tiiat  tin-  w.itrr  U-\t-l 
at  till-  end  of  ilu-  |K-rind  w.is  'J-27  f»-i-t  hi^hi-r  tii.m  at  tin-  idiiinuiu'ciiu'iii,  ihiit 
Ix-in^'  ('(|ui\aU'nt  to  a  «-\i-ii-\i-ar  a\i-r.ini-  flow  of  M(t  st-coiid-fct-t.  .XdiiiiiK 
this  to  tlu-  nu-an  outflow  ^ixt-s  an  ri|iti\aK-nt  total  of  8, (Ml  st-coiul-fi-t-t,  or  47 
aliovi-  tlu-  nu-an  iiillow.  This  li.ilanci-  is  prolaitly  dm-  to  inaccurate  ^i.iunc 
rcadinn.     'riic  dilTcn-nci-    is  less  than  00  per  c(  lit. 

In  disnissin^;  tlu-  sioragi-  possii)iIiiii-s  of  tht-  past  s<-\i-n  \j-.ir.><,  tlu-  tlu-ori-tical 
inflow  is  iitili/(-<l,  rallu-r  tiiaii  tin-  iiu-asurcd  diMliarn>-s  from  tlu-  lak(-. 

'I  hi-  Ontario  and  Miniu-sota  I'owt-r  Conip.iny  has,  in  r(-<  cut  yi-.irs,  «-xt-rciscd 
control  ovt-r  tiie  run-otT  from  Rainy  lake  for  th(-  piir|)os(-  of  iiicrca-^inn  thi-  inini- 
niuni  (low.  WiiiU-  a  coiisidtrahlc  dcuri-t-  of  succ^-^s  has  i)ci'ii  alt.iincil,  tiu-n- 
is  still  imicli  to  In-  doiii-  lu-forc  a  complcit-  coiis'.-r\ation  of  tlu-  riin-ot'f  is  .ittaint'd. 
The  company  is  fully  aw, in-  of  this,  as  is  evi(k-nci-<l  h\  the  cxt(-nt  of  lU-  stora^- 
works  whii'h  it  now  has  under  construction  and  in  pr(>spe<l.  In  so  f.ir  .is  ihe 
niininilini  di-pendalile  flow  is  hein^  iiicre.ise<l  tliroiicJi  ilie  cniistriiclioi.  a  id 
o|H'ration  of  these  stcrane  reser\(>irs,  the  Im-sI  interests  of  the  powers  o,  tlii- 
lower  river  ar«-  iH-ir.^  nerved. 

Rf\jihilion  over  the  snrn-year  cycle. — The  getieial  storage  conditions 
necessiiry  to  maintain  uniform  discharges  of  various  limits  from  the  outlet  of 
Rainy  l.ike  ihroughtout  the  stven  year  cycle  are  concisely  set  oiii  in  table  26 
hereunder. 

This  table  is  compiled  from  a  mass  ciir\e  stu<ly  ((itate  26).  ("olnnin  .< 
lists  the  maximum  volume  of  storage  cajiacity  ne(vssary  to  meet  the  con- 
ditions; column  5  lists  the  total  volume  of  water  withdrawn  from  reservoirs 
throughout  the  period. 

Tahle  26. — Storaiir  Conditions  which  would  have  been  necessary  in  order  to  maintain 
various  Minimum  Flows  from  Rainy  I  ike  from  April  1, 1907  to  March  31,  1914. 
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\oluint' 

Dalc-s. 

\'olunlp 
refjuirctl 

in 
Billion" 

of  I  U.-ft. 

Kqiiivalent 

<li-plli 

on 

Rainy   lake 

in  fi't't. 

4. 

stor.lKr 

n-.-.l,  in 

Millions 

of  lii.-ft. 

2. 

1. 

.1. 

May  .'1.  I'^IO.  tj  M.ir,  ,il,  1QI4 

3.10 
16K 
lOA 
68 

47 

.?7   1S 

IK  3ft 

11   Si 

7-.W 

5   1! 

4<)i 

M.iy  .11    1910  to  Mar.  .11    1Q14                          

.16.1 

June  .10    1010  to  Jun    iO.  1<>M       ....                   .                        

2.15 

July  '1.  1910  to  June  H    1412   ...               

159 

89 

^Mcan  of  seven  water  years. 
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Ih'lhtrlnitnt  of  the  Inlrrior. 


KcKiil.iliftn  t>l  ihr  w.iltrxluil  .iImivo  llu-  ouiUl  i>f  R.iin\  lake  lo  rnxun-  a 
«i>iiiiiiui>ii>»  aviraKi'  How  uf  7,'>02  i  iil>ii  fit  I  |Hr  stcoiiil  ilirnitKlioiii  ili»'  Mvin-ytar 
ryi'lr  wiuild  havf  ri-i|uiri'tl  a  maxirmiin  -loraK*-  rapatiix  of  247  liilliuii!.  of  jiil>i«- 
fnl,  wliitli  liMal  sliould  lia\r  Imiii  in  stmaKi-  •mtl  rf.i<l\  fur  um'  on  M.i\  .\\, 
I'MH, 

.\iial>>iiiK  ilu-  xloraK*'  ami  dini  harKf  tl.ila  mi  tin-  haNJ-.  i>f  iiiainlaiiiinK  ilu- 
alM.M-  axiranf  How  shows  the  foltowinu.  ilu-  result.,  IhIiik  l)as<<|  mi  ,i  masH 
curM-  stuiK,  and  lninn  liunfort'  ■.onicwli  ii  .i|ipro.\iniati'. 

Tlic  (low  for  April,  1«)07,  i.e.,  ilir  first  inmith  of  the  tvrlf,  is  sliKliily  Im  low 
the  mean,  retiiiirinn  a  draw  on  sioraKe  of  alKiiil  7  liiliioiw  of  niltic  feet.  This 
storane  lun-t  lie  provided  from  previous  years'  siir|>lus.  and  wonid  Ik'  made 
rinmI  by  the  end  of  May.  Assuming,  then,  that  7  liillions  of  ( iil)ic  feet  only  are 
available  at  the  lienntninii  of  .\pril,  the  end  of  the  month  show-,  all  revirvoirs 
empty.  Following  this  d.ile  then  is  a  rontinnoiis  stirplii..  tlow  till  \oveinl)i  r 
M),  amounting  to,  in  all,  182  liillions  of  eiiliic  feet.  Of  this  amount.  46  liillions 
ran  lie  stored  in  Rainy  lake,  assuming  5  f(Mii  stoM^e,  and  .V<  billions  in  I. ike 
N.imak.m,  a>.simiinn  12  fofit  storage.  These  l.ikes  w<iuld  U-  hlled  e.irlv  in 
.August,  and  the  b.ilanee  must  be  e.ired  for  in  the  iipixr  lakes.  November  is 
followed  by  ,i  sI.h  k  ikHihI  l.t^titiK  until  .April  M),  l^OS,  by  whieh  d.ite  2>  billions 
of  rnbie  feel  wmilil  be  dr.iwn  from  stor.iue.  preferably  fr<im  l.ikes  K.iiny  .md 
\,im.ik.m,  thus  le.i\in^{  them  prep,ired  to  store  surplus  w.iier  from  aiiN'  p.irl 
of  the  b.isin  at  wh.itever  time  the  s.ini  sii  ,iihl  be  av.iil.iM  .  Following  April 
M)  is  a  siirpIus-How  jk-HikI.  repleiiishin;,'  tli  •  res  lirs  towards  the  middle  of 
June,  l'«)H,  an  I  continuing  until  .Au^just  .V  .iddinn  a  further  4.<  billions  of  eubie 
feet   to  the  reserxf  storage. 

Auyust  .?1  is  followed  by  a  slark  iH'riod  l.isiiiiK  until  Mareh  ,?1,  1<>(W,  by 
whiih  d.ile  7')  billions  of  cubic  feet  will  li.ix c  been  wilhdr.iwii  from  sloraj;e. 
The  two  l.ikis,  U.iinx  and  Nam.ikan,  could  have  supplied  this  \oluiue.  .\ 
period  of  .impli'  ll<nv  follows,  replenishing  the  storage  reservoirs  by  the  end  of 
.August,  and  coniimiinn  until  January  ^\,  1<>10,  adds  an  addiliona!  17  bi"-  -s 
of  cubic  fei't  tri  the  \olume  of  available  sioraKe.  Kebru.ir>'  is  slack  and  dr;.  > 
10  billions  from  the  reservoirs,  which,  however,  are  tilled  aKaiii  .ibout  the  middle 
of  .\prii,  and  a  further  12  billions  added  b\-  M.iy  .U. 

By  M.i>-  .M,  I'MO,  surplus  tlow  tot.dlinK  254  billions  of  cubic  feel  h.is  ^iccurrid 
.Mill,  iiroxidin^  re>er\oirs  are  .i\  ,iit,ible,  should  bi.  on  hand  to  supply  the  [.ro- 
loMt;cd  period  of  sl.ick  and  v.iri.ible  (low  which  follows. 

.\ssuminK  that  the  Rainy  an!  Naniak.ui  resirvoirs  are  first  uiilizeii  to 
rejilenisli  this  draw,  sIkiws  them  empt\-,  or  7'>  billions  of  cubic  feet  i!ii'.!/ed  1)\- 
NiAemlur  M).  iimncdialely  following  which  comes  .i  further  draw  of  (i7  billions 
of  cubic  feet  from  I  lie  upper  lakes,  last  in  j;  until  \biy  ,^1,  I')11.  This  con  tin  nous 
and  ra])id  ({--.iv  wou.d  li  i\i'  the  el'fecl  of  emplxinji  a  Luge  number  t>f  1  hi' reser- 
voirs, and  leaxiiiK  them  re.idx  for  the  slor<i«:e  ot  any  surplus  in  the  months 
follow  iiiK-  JuiK  i-a  month  of  surplus  (low  .  .iddinji  1  2  billions  to  storage.  This  is, 
h(iwi'\er,  withdi.iuii  by  the  end  of  Se])lember,  following  which  is  a  continuous 
(\r.\w  imti!  Ajiri!  .?(),  1'))2,  !•.■.•  which  time  a  fiirtluT  77  billions  <;f  cubic  feel  has 
been  withdrawn. 


U'iH»if>fi-  Kiur  I'lKifr  ami  Slitntur  Imfxlii^nlinnf. 


\\>> 


Kuiir  ui.Hiihi*'  iturphiH  (low  f..ll..wH,  .i<l.lin«  \i>  \,\\\um-*  ..I  i  iil.i,  fi.i  i<>  Mor.xar 
l»v  Aiiunst  <1.  Ihi-  i-.  ri<|iiirr.l  li\  ili..  ii)ji|<llt'  ..|  J'.l.rn.iry.  I'>H,  .iii>l  ,ui 
aihliliiiii.il  .'♦  liilliotiH  l.y  die  iiiil  nl  April,  lullovx  ii^  April  an-  ilir.f  iimmhIih' 
-urpliH  fliiw  .iililiiiK  55  MllioiH  of  c  ul.ir  fi.^i  lo  liic  r.Mrvoir  l.v  ilu-  tinl  of  July, 
rrotn  ihis  ilalc,  iluri-  i>  a  icmiiinioiH  draw  imalljiin  .S5  l.illion-.  iiiilil  ilir  t mi  of 
llif  ( Ailts  al  win.  h  <laii  7  l.illioii>  .,f  mhi,  fc.i  arc  in  llir  riMr\oir>,  ilir  »(|iii\a- 
Ifiil  of  ilii-  initial  MippK . 

MriilK.  the  alH.vc  aiiaU^i^  in.lirali-^  that  a  sioray.  tapadiy  of  247  hillic.ns 
of  rnliii  flit  is  iMMissary  in  order  to  maintain  a  flow  of  7.<)(>i  snond  lict 
iliroiinlKiiii  till'  s»vin\i-ar  rxcli'.  Of  this  total,  7<>  hillions  art'  Mippli.d  l,\  .S 
fell  on  Kainy  lakf  and  12  f<-i-l  on  lake  Namak.m,  l.aviiiK'  l*.«  l.illions  to  |„. 
providttl  from  otluT  M.urns.  Kiftriinu  to  taldis  If  and  15,  whi,  li  list  .i  innni)rr 
of  till-  niotc  iMi|H>ri,int  lisMr  l.ikts  in  tin-  K.iiin  l,ikr  «,ti.r>li«'.|,  it  will  I,,'  noted 
that  colunin  12  li,is  ih,'  \ulnmi  of  siorajie  which  Knild  \>v  s,, und.  assuming 
a  iKTniissil.Jc  depth  of  5  liei  a\,nlal)le  in  e.uh  I, ike  where  the  anntial  riin-ofT 
is  nllit'ient  to  snppK  the  nicessirv  \olnine.  ,ind  fnll  si,.r.ine  where  si"  h  is  not 
the  ease,     SloMye  lo  ihi'  evtent  of  '>,H  |iillii,n>  of  eiiliie  feet   i  i.illd  he  sei  iir.d  in 

'''■'' ^^■•.^  he  e  assninplioiis,  l.y  ,he  colls, riici ion   of  sonit   47  dam-,  le,i\  inn  7lt 

liillions  to  III    (Uewliere  pro\idi(l. 

h  minht  lie  noted  th.il  the  sills  of  the  Cli.iiidiere  f.ilU  dam  .ire  ,il  4')((  I  .i  .ukI 
will  in  time, of  emernenry  allow  Namak.in  lake  to  liedi.iwn  se\,'i,il  feet  I.elow  the 
low  limii  considered  above,  and  hence  add  further  slorau'e  tothe\()lnme  a\  .lil.ilili'. 
I  here  are  i.ndoiilitedly  luimeroiis  I. ikes  not  listed  in  the  t.ihles,  whidt  inii;lit 
1)1  Miit.iMe  for  reservoir  piir|H.ses.  Also,  there  is  little  doiil.l  thai  the 
5-lo  .1  limit  on  m.my  lakes  i  onld  lie  exceeded,  as,  for  instance,  10  feel  is  permis- 
silile  on  M.iniloii  hike,  M)  feet  on  Otilkail.imawan  lake,  7  feel  on  White  Otter 
lake,  accrdin^!  to  the  Si\ih  .\iimial  Report  of  the  Oiil.irio  1 1\  d|•o-^:leclric 
('ommiss;,n.  .Vij.niist  this,  must  he  pi. iced  in  .omecasvs  the  l.ick  of  snlficieiit 
catchment  are.i  to  supiily  the  run-off  necissary  to  fill  the  reservoir,  also  ilu> 
neiessity  of  prcv  ^iny  run-olf  for  lo^i^i'iK  imrp  im-s,  for  the  oo.sil.le  future 
operation  of  sm,i  svater-powers.  and  for  the  m.iinlenatice  of  (ishiiiK  interests. 
The  ,-()  liillioiis.idditioiKil  siora^i' wouhl  undoiililedly  strain  the  reser\.>ir  c.ip.icides 
of  the  w.itersh.d  to  the  limit,  leaving  out  of  consideration  ihe  (|U!-ti<in  of  llie 
economic  le.i-il.iliiy  <if  a  .loraRe  sy.siem  involving  an  excessive  nuinher  of  less-r 
res.  rvdirs. 

Kelerriiin  .igain  to  the  ni.iss  curve,  it  is  noted  tli.il  1')  liiiiiun-  of  rubic  feet 
Morale  would  practically  maintain  i...  aieaii  How  from  tiie  IieKinnin^  of  tiie 
cycle  to  tile  end  of  .N'ovemiier,  1<)1():  also,  tiiat  115  liiiiioiis  of  ciiliic  feel  would 
niaiiitaiii  the  s.mie  llow  fri>ni  ilie  middle  of  M.ircli,  191 1,  to  M.mli  .M ,  l')U, 
storage  rai)acil\  for  wliicii  (|uanlily  could  very  readil>  I.e  found.  The  pr..l..iiyed 
IKTiod  of  low  llow  coiiiiiieiicinK  in  the  spring  of  1<;1()  is  responsible  for  tile 
excossive  storage  reciuirements  noted  above.  To  Iniilge  this  g,ip  necessit.nes 
carrying  water  over  from  llie  year  1<;()7  and  the  succeeding  two  \e.irs. 

It  is  of  interest  lo  note  brietly  wiial  geiier.il  conditions  of  run-off  niiglit 
have  been  maintained  througiiout  liie  cycle,  assuming  tii.it  the  7";  billions  of 
cubic  teel  storage  capacity  which  is  now  iv.iilable  for  power  storage  purposes 
in  Rainy  and  Xatnakan  laki-s  had  been  availalile  at  ail  times,  with  no  .luxiiiary 


120 


Department  of  the  Interior. 


storage'  in  llio  iippiT  lakes.  No  diffioilty  would  havr  Ih'cii  ('X|H'riencc(l  in  niain- 
laininK  tlie  nu-an  ',')('l  scrond-fcct  flow  to  the  end  of  May,  1'>1(l.  Throiiitlioni 
llic  i)rolonj;c<l  slack  ]HTiod  which  followed,  the  7'>  liillions  of  storage  would, 
however,  only  he  sufficient  to  maintain  a  flow  of  about  5,500  second-feet.  I'nder 
this  condition  of  run-off  the  hasins  would  he  empty  hy  March  .^1,  101 1,  and  tilled 
again  1)\'  the  middle  of  Septemher,  l')12,  afur  which  date  no  difhculty  would 
he  experienced  in  maintaining  1  ,^)<i2  second-feet   to  the  end  of  the  c>('le. 

It  would  seem  from  the  foregoing  ih.ii  in  normal  \i'ars  the  maintenance 
of  the  nu'an  flow.  7,'>02  second-feel,  does  not  require  excessivi'  storage  i)ro\ision, 
hut  that  in  ohUt  to  ensure  its  continuance  o\it  exceptional  .uid  prolonged 
IK-riods  of  low  (low,  a  very  com|)lele  system  of  storage  is  rt'i^uired  througliout 
the  hasin.  It  is  recognized  that  the  period  over  which  discharge  data  are  avail- 
■ihU'  does  not  coM-r  a  suniciint  numher  of  years  to  i)ermil  jxisiiive  statements 
being  made  as  to  what  absolut''  t'xtremes  are  to  he  antiiipated.  More  extreme 
conditions  than  are  <'overed  herein  may  undoubtedly  occur.  The  long  period  of 
low  flow  which  has  birn  experii'nced  forms,  howiAer,  an  I'XcellenI  example,  of  the 
abnormal  conditions  which  ma\  hi-  ex|)i'Cted,  and  which  nuist  he  ensured  against. 

To  stmt  up  it  ma\  he  said  that  to  maintain  an  average  flow  of  7,*)00  cubic 
feet  per  second  at  all  seasons  will  re(|uiro  a  most  t'xhauslivt'  system  of  storage 
reservoirs  .imong  the  lesser  lakes.  Kconomic  considerations  will  militate  against 
the  de\i'lo|)nu'nt  of  the  lessi-r  resi-rvoirs  beyond  reasonable  limits  and  a  complete- 
regul.ilion  of  tlu'  run-off  from  this  seition  of  llie  watershed  is  not  considerid 
feasible.  The  measure  of  its  practicability  cat;  only  be  finally  ascertained  b\-  a 
detailed  study  of  the  lakes  and  basin  .\  depepd<d)le  llow  of  0,01)1)  second  feet 
can  be  readily  ensured. 

'I'liis  phase  t)f  the  Kainx'  ri\'er  regulation  is  particularly  iinport-mt  in  relation 
to  the  (luestion  of  diverting  a  portion  ot  the  tributary  drainage  into  the  St.  Louis 
river  and  utilizing  it  for  the  develoi)ment  of  power  in  the  neighbourhood  of 
Duluth,  un<ler  what  is  known  as  the  liirch  I. .ike  I  )i\<.'rsi()n  Project.  This 
matter  is  coxcred  in  detail  in  ch.ipler  IX. 


I;n(.i,isii   Rivik  \\.\ri;usiii;i). 

The  laiglish  river  dr.iiiis  an  area  of  21, ()()()  scpi.tre  'niles,  comprising  the 
entire  northern  portion  of  the  Winnipeg  watershed,  v,  ich  portion  is  \ct\ 
similar  in  general  characteristics  to  the  southern  section.  It  is  pkiitifulK' 
supplied  with  lakes  of  all  sizes  up  to  l.ac  Seul  of  .UO  stpiare  miles  are.i. 

I'Or  piir()oses  of  storage  and  regul.ition  study,  the  I'.nglish  River  b.isin  can 
he  most  readily  considered  from  two  standpoints;  first,  the  regulation  of  the 
entire  hasin  as  a  unit  so  as  to  secure  the  best  run-off  conditions  at  the  mouth  of 
the  river;  and  .second,  the  regulation  of  the  basin  above  l.;ic  Stnil  with  the  object 
of  securing  the  best  run-olT  conditions  at  the  lake  outlet.  Tlu-  first  method  of 
regulation  has  more  direct  bearing  on  the  bettering  of  run-olT  conditions  along 
ihe  power  n'.ich  of  Manitoba,  while  the  second  vviuild  lie  more  boiieiici.d 
to  a  future  hydro-electric  scheme  along  the  I'"nglish  river,  and  at  the  saiue 
time  e(|ually  as  desirable  from  a  standpoint  of  bettering  the  Manitoba  conditions. 
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I.ar  Seul  is  the  I.ir^cst  lake  in  the  1)asin.  Wiiili-  little  information  has  as 
yet  been  collected  by  the  en^ini-eis  of  the  Doniinioii  Water  i'ower  IJranch  with 
respect  to  its  adaptability  to  use  as  a  stora^je  reser\(>ir,  and  the  extent  of  flocnlinji 
which  would  be  invoKed  in  various  storage  <lepths,  it  is  at  least  certain  that 
limited  storage  is  a\ailal)le.  Throughout  the  following,  10  ti'et  has  been  consi- 
di'red  as  the  limit  permissible.  While  a  theoretical  discussion  of  the  lesser 
lakes  would  indicate  that  less  than  10  feet  on  Lac  Seul  would  probabK'  slill 
IHTinil  of  a  satisfactory-  regulation  of  the  run-off,  it  is  imporlant  tli.it  its  reservoir 
capacit\'  be  as  great  as  possible,  in  order  th.ii  it  ma\'  ser\e  as  a  b.ilancing 
reservoir  for  the  lakes  above.  As  w.is  pre\iousl\-  noled,  the  <listance  of  llie 
upper  lakes  from  the  reach  at  which  regulation  is  desired,  places  practical 
difficulties  in  the  \va\'  of  etticient  control. 

Run-off  (ondilions.-  \»  continuous  records  of  disiharge  have  been  secured 
to  date  .dong  tin-  l-Lnglish  river,  due  to  <lifficultv'  of  access.  Steps  .ire  being 
taken  at  present  by  the  llydro-IClectric  Power  ("onmiission  of  Ont.irio  to  si'cure 
such  a  record  in  the  inmiediate  future.  Miscellaneous  measurements  l.iken  in 
the  past  will  be  foimd  in  Appendix  \'ll,  tables  Hh  to'M. 

In  the  nu'aritime,  the  onl\'  run-otf  data  available  on  wliirii  to  base  a  sludy 
of  the  regulation  of  the  river,  are  the  continuous  records  tak(>n  by  the  engineers 
of  llie  Dominion  Water  Power  Branch  ;it  ( )tler-Sl.ive  falls  st.itioii  on  tile 
Winnipeg,  and  at  the  outU'ts  from  the  Lake  of  the  WOods  at  Kenora.  The 
difference  between  these  records,  reduced  in  proportion  to  theare.i  of  thedr.iin.ige 
basins,   has   been   used   in    the  analv,-is  iiert'under. 

The  nii-.m  iiionllily  diM-liargts  deduced  as  above  are  liste.l  in  t.ible  21 . 

'fable  27.     Mean  Monthly  Di.sihari^e  of  the  l\n(^lish  River  at  its  junetion  leith  the 
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Tlie  mean  flow  for  the  eight-year  cycle,  according  to  the  above  table,  is 
12,291  cubic  feet  \K-r  second.  This  average  imist  re|)resent  very  closely  the 
actual  discharge  from  the  basin  over  the  periinl  in  (|uestion. 

For  the  jiiirpose  of  anaKsing  the  run-off  conditions  as  shown  by  table  27, 
a  mass  cur\e  has  l)een  plotted,  see  plate  27.  In  this  curve,  water  years  have 
been  used  in  kii-jiing  with  the  previously  considered  cur\es  of  the  Lake  of  the 
Woods  and  the  Kain\-  lake  discharge.  The  mean  run-off  over  the  sewn  water 
years  is  12,576  cubic  feet  jier  second. 

Reijulation  over  the  seven-year  eyele. — In  the  English  river  basin  there  is,  so 
far  as  can  be  judged  from  existing  maps,  an  area  of  some  .?,()()()  .stpiare  miles 
immediately  adjacent  to  the  ri\er,  which  is  eitlier  poorly  or  entirely  unsupi)lie<i 
with  lake  area  suitable  for  storage  reservoii-  purposes.  While  exploration  may 
result  in  the  disco\ery  of  lesser  lakes  in  portions  of  this  section,  it  is  necessary 
to  consider  such  at  this  stage  as  non-existent.  \o  control  is  therefore  counted 
on  o\er  the  run-off  from  this  portion  of  the  watershed.  This  rua-off  would, 
in  a  normal  year,  average  1,750  cubic  feet  jier  second.  Omitting  this  flow  from 
the  -.-. -en-Near  mean,  le  i\es  10,826  cubic  feet  per  second  to  be  n- •  iitained  by 
regulation. 

The  general  storage  conditions  which  would  be  neicssary  in  order  to  maintain 
uniform  ilischarges  of  various  limits  at  the  mouth  of  English  ri\er  throughout 

the  c>cle  are  concisely  set  out  in  table  28  hereundei. 

This  table  is  comi)iled  from  a  mass  curve  study,  ("olumn  ,^  lists  the 
maxinuim  \olume  of  storage  cajiacity  necessary  to  meet  the  conditions: 
column  5  lists  the  total  xolumeof  water  withdrawn  from  reservoirs  throughout 
the  period. 


'J'ahle  2<S.-'  Storaiie  Conditions  zeliicli  icoiild  have  been  necessary  in  order  to  maintain 

various  Minimum  Flozi's  on  the  F.niilish  River  from  April  I,  I'HtT. 

to  March  31.  1914. 
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Anahsing  the  discharge  recorils  from  the  mass  curve  (plate  27)  on  the 
basis  of  niaiiUainiiig  a  mean  flt)W  of  1(),S26  second-feet  shows  the  following. 

The  months  of  .April  and  Ma\',  l'>07,  are  slack  and  re(|uire  an  initial  storage 
of  M)  billions  of  cubic  feet,  which  it  is  assumed  are  a\ailal)le  from  the  i)re\ious 
Near,  and  wliiili  .5  17  feel  on  l.ac  Seul  would  have  proxided.  A  peri(Ml  of  surplus 
How  commences  on  June  1,  restoring  the  M  i)illions  ot  cubic  leet  by  about  the 
middle  of  August,  and  continuing  with  only  one  slack  month  (April,  1908J  until 
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the  end  of  February,  1<;()<;,  l)y  which  date  a  furtlicr  245,  or  27,S  billions  of  cubic 
feet  in  all,  has  been  available  for  siorane.  Of  liiis  amount,  10  feel  on  I.ac  Seul 
can   accommodate  <>5   i)illions.     Following   February   is  a   iK'riod   of  alternate 
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slack  an<l  surplus  flow  lastiiiK  until  March  .?1,  1<M().  The  urcalcsl  draw  duriiiir 
this  i)eri(i<l  is  44  billions  of  cubic  feet,  which  could  be  readil\-  supplied  from 
Lac  Seul  with  a  draw  of  4- 06  feet,  the  lowest  stage  occurring  on  M.in  h  ,n ,  1910. 
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The  snri)liis-tl()\v  porirKl  imnio<liati'ly  following  ri-plonishos  the  lake  towards 
the  nii<l<llc  'if  the  following  M.iy,  and  conliniu's  until  the  end  of  July,  by  which 
tiate  a  further  74  liillions  is  availahli'  for  storage. 

("onnnenring  with  August  1,  1910,  is  the  longest  pericnl  of  low  (low  encoiui- 
tercd  during  the  r\(le.  This  slack  period  lasts  until  the  end  of  June,  I'Ml, 
and  retpiires  a  draw  from  storage  to  the  extent  of  l.^.S  hillions  of  cubic  feet  to 
maintain  the  recpiired  discharge,  l.ac  Seul  is  iniptied  by  March  -M,  lea\ing 
40  billions  to  be  sujiplied  from  the  les.ser  lakes. 

From  the  end  of  June,  I'Ml,  there  is  a  long  period  of  surplus  tlow,  with 
but  two  minor  slack  jx-riods,  lasting  luilil  the  end  of  September,  101.?.  This 
surplus  tlow  would  replenish  l.ac  Seul  tow.irds  tiie  end  of  Jime,  1912,  and  the 
40  billii'iis  from  the  lesser  lakes  b>-  the  middle  of  .August  of  the  same  \ear,  and 
would  supply  an  additional  140  billions  for  storage  purposes.  September, 
191,?,  is  followed  by  a  slack  period  which  re(|uires  77  billions  of  cubic  feet  from 
storage  1)\'  March  M.  1914,  the  end  of  the  seven-year  cycle.  This  can  be  drawn 
from  l.ac  Seul,  leaving  18  billions  in  tlu'  lake,  or  a  depth  of  1  -9  foot. 

In  re\iewing  the  above  it  is  noted  that,  assuming  liO  billions  available 
from  prev  ions  vcars  to  bridgi  the  initial  slack  jieriod,  there  is  a  surplus  of  489 
billions  of  cubic  feet  available  for  storage  puriKtses  after  providing  for  a  discharge 
of  10,826  second-feet.  The  greatest  draw  duii  .,  this  period  is  1-?.S  billions, 
of  vvliicli  it  has  bi-en  assumed  that  9.S  billions  :'.'<'  supplied  by  10  feet  on  Lac 
Seul,  the  reP'       ing  40  billions  to  be  supplied  by  the  lesser  lakes. 

R  .ling  to  tables  17  and  18,  listing  respectivelv'  the  lesser  lakes  throughout 
the  English  River  watershed  below  and  above  Lac  Seul,  it  will  be  noted  that 
the  ba.in  is  well  supi)lie<l  with  possible  reservoirs.  The  total  lake  area  tabulated 
in  table  17  is  6.?5  s(|uare  miles.  These  lakes,  21  in  number,  would,  under  the 
conditions  defined  in  columns  11  and  12  provide  storage  to  the  extent  of  7,5 
billions  of  cubic  feet.  Similarlv',  25  lesser  lakes  above  Lac  Seul  ,S99  square  miles 
in  total  area,  would  ()rov  ide  for  an  additional  09  billions  of  storage.  As  has  been 
noted  previously,  however,  other  interests  may  ])reveiu  these  lakes  being  used 
for  the  sole  purpose  of  maintaining  satisfactory  regulation  for  power  purposes, 
and  too  great  reliance  must  not  be  olaced  on  a  theoretical  discussion,  also  there 
is  a  limit  to  the  mindxr  of  less.T  re-ervoir^  which  can  be  ecoiiomic.dly  con- 
structed and  maintrined  in  a  jiractical  sv-  tern  of  river  regulatioa. 

It  would  neverthek'ss  ;ip[)ear  from  the  .ibove  that,  assuming  lo  foot  storage 
on  Lac  Seul,  there  is  sufficient  reservoir  capacity  in  the  I'.nglish  river  watershed 
to  maintain,  if  properly  controlled,  a  nie<m  run-off  at  the  mouth  of  the  river  of 
10,826  second-fee'.  .\  low  limit  of  10,000  second-feet  should  at  least  be 
feasible.  To  secure  this  end  would  neressitati'  holding  a  portion  ol  the 
storage  for  a  period  of  two  \ears. 

In  the  abo\e  analvsis,  .?,000  s(|U,ue  miles  of  the  watershed  have  been 
omitted  from  consideration  on  account  of  lack  of  reservoirs.  Should  a  series 
of  hydro-electric  plants  be  in  future  installed  along  the  Knglish  river,  the  local 
pondage  basins  of  the  same  will  i>artially  rectify  this  condition.  I'nder  present 
conditions,  0- 14  cubic  foot  per  second  i)er  s(|uare  mile  can  probably  be  d'"^ended 
on  from  this  section  as  a  minimum  flow,  i.e.,  a  run-off  of  420  cubic  feet ;  )nd. 
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This  wuiild  increase  the  mininuim  at  the  month  of  the  ri\er  and  rei.der  more 
dependable  the  10, ()()()  riihic  feet  per  s^'cond  referred  to  al)ove. 


Ki;(iri..\TK)N  ()!•  THI-:  \v.\rt;RsiiF-.i)  .xnovt;  i,.\(    si;i  i.. 

Lac  Seul  hears  miicii  the  same  relalion  to  the  ljij.;hsli  ri\er  as  does  ilie 
Lake  of  tlic  Wood-  to  the  Wir.nipi'j;  ri\er.  IVoin  thi'  Like  to  lis  junction  with 
tile  \\'innii)eji  the  iaij^hsh  rixer  drops  ihron.i;li  a  series  of  more  or  less  alirupl 
fails  and  rapids.  Tiiat  tiiese  rapids  and  falls  are  capable  of  concentration 
after  the  manner  of  ihos'.'on  the  Winnipeg.  thiTe  is  no  room  for<loiil)t.  Ihdro- 
electric  dexelopment  along  this  ri\er  will  take  place  just  as  soon  as  the  m.irket 
conditions  are  faNourahle.  When  this  takes  place,  the  (|ue^tion  of  ret;ulaiion  in 
Lac  Seul  and  the  upper  waters  will  heionie  more  acute.  The  I'Xtent  to  which 
this  rejiulation  can  he  attained  is  hrietly  outlined  heri^inuler,  in  so  far  as  the 
hasin  run-off  data  a\ailal>le  will  permit. 

KiDi-ojr  (O)nlilioiix.  As  was  tiie  case  in  considi'rin^  the  l".n,i;lisli  ri\iT  as 
.1  whole,  the  run-oTl  data  on  which  iIk'  followinj^'  an.dxsis  must  be  m,i(le  is 
deduced  from  tiic  continuotis  records  secured  at  the  ()tter-Sla\e  I'alls  station  on 
the  Wimiipej;,  and  at  the  outlets  of  the  Lake  of  the  WoikIs  at  Kencra.  'I'he 
dilTeri-nce  between  these  records,  reduced  in  proportion  to  the  drain, i^'e  are.is, 
forms  the  basis  of  the  tl-.eoretical  discussion  hereunder,  and  the  deductions 
therefrom  can  siTxe  as  an  indication  of  what  is  to  Ik.'  expected  under  natural 
run-ofT  ccjnditions. 


The  mean  montliK 


y  (liscliarges  < 


leduci 


le  are  lifted  in  labli'  2'). 


Table  2'J.    Mean    Monthly    Pisrhar'^e  of  the    liw^'sh  River  at   the   outlet   of 

Lac  ^eul. 


Month. 

|i)!)7. 

1908. 

19,19. 

1  )in. 

1911. 

1912. 

1911. 

1911. 

Mem. 

.Sv.  11. 

Se,.-lt. 

S.-   ..ft. 

Se-.-ft. 

S,--.-fl. 

Se,  .11. 

S,-   ,.ft. 

.Sr    .-It. 

S,,  ,-U. 

J.iiiil.irv. 

7.(141 

s.9in 

;.4.x'; 

it.xait 

,!,.i,S6 

7. .116 

8.2  79 

2.S17 

6,612 

i'*-l.ni,ii> 

.S.H.SK 

9.27H 

7.122 

6.291 

,!.  lot 

,1 ,  111  1 

8. ,149 

2.  Ill 

6,001 

.M.mli, 

.1 .  .Ifi.S 

7.074 

A .  mi 

4.820 

2,M74 

,1,9  14 

6,097 

1.776 

4    241 

.•\|iril 

2.171 

.'i.K4i 

2. 9.(7 

X.9i(i 

1,710 

,1.67  7 

4 .  68  1 

2.422 

4.049 

Mav 

2.^7'* 

7.117 

4  .  (ifi4 

! 4 . 1 69 

.1.022 

s,  2:is 

.1.0,17 

,l,2lr. 

6.00,1 

June 

7.(lfi7 

'(.4'(0 

(..442 

I,C.1»9 

4,712 

11  .416 

6 .161 

(.,,16,1 

8.198 

July. 

y  .(H'l 

lO.ddH 

0.447 

10.40'> 

7.117 

1(1.81.1 

7  .  291 

7  ,  467 

8.661 

.\UKUSt    . 

'>..f74 

9.701 

6.4(..S 

.S.7.S7 

9.140 

11.222 

6.411 

6.724 

K.10.1 

ScptciiihLT, 

1(1.104 

«.9l.i 

.1.21! 

.f.969 

9,114 

12.0S1 

6.12'. 

6.  172 

7,717 

OctDlKT 

1().94.S 

».S7.i 

4.19.t 

,i.4.i.'! 

10.082 

11.761 

.1,081 

6.  722 

7.6,17 

NovfintxT 

10.««2 

7 .  «.S.( 

4.2.i6 

2.768 

8.7.12 

10.890 

.1.814 

1 .  707 

6.86.1 

DeccMilKT. 

g .  y.sx 

6,427 

.S..t47 
S.M7 

2,42.) 
Ii.94fl 

6.9.S1 

,1.847 

9.0)6 

8.S26 

.1..1.11 
S.912 

1.0.12 
4.779 

6.06J 

The  Year 

7.41(> 

8 .  .146 

6.681 

M.l.\MUUl!l 

1(1. 'Mi 

10.668 

7.4.i.i 

14.169 

10.0S2 

1 2 . 08 1 

8.. 149 

,  .  467 

14.169 

Minhnuni      . 

2    171 

.S.84.i 

2.917 

2.42! 

1.710 

.1.6/7 

,1,1  ,-.1 

1.776 

1.710 

XoTK.— TJiscliarKC'*  an-  ilciiurcd  by  taking  tho  <liffi'n.'me  hrtwccii  i\w  (Ittrr-Siavc  l-"al1>  >i?i  i  th'*  Kf 
and  reduiiiiK  the  saim-  in  pr<tportinn  t<»  tin-  areas  of  the  tlrain:iuf  hi-in-;. 
The  niaxitnutn  atid  niiiiiiniim  ilnws  r»'fcr  tit  thf  mp;»n  tiinnthlv  tl  »  vi 


■•^r.'ii»'j.'iAitri\-. 


126 
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The  iiu.in  tlow  for  the  ciKlit-Nvar  cyrlo,  airordinn  to  tin-  above  tahlr,  is 
6,6S|  ciiliii-  lii-t  per  sfioiid.  Iliis  tij;iirc'  must  closoly  rf()risfnt  tho  actual 
(listhargc  from  llii  lake  ovit  ilic  la-riod  in  (|uc'slioii. 


PUkTC  N«.  M 


rffftitTtTHni-t-i-, 


DOMINION   WATER    POWER    BRANCH 

J.   B.  CHA;.(.iKS.  SuMrinlvndvnt 
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The  mass  ciirvf,  plalc  Ih.  is  liascd  on  the  al)()vo  table.      In  plotting  this 
rur\e,  water  years  have  been  utilized  in  keeping  with  the  pr;ictice  adopted  in 
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othiT  portions  of  ilu-  l);isin.  The  nuMii  How  for  the  st'voii-yo.ir  cycle  of  walcr 
years  is  6,S.<0  ciihir  ff«'t  per  secoiul. 

Rcfliilalion  mer  the  snen-year  lyrle. — TIu'  nener.il  siorane  coiuljijons  which 
would  l)e  necessary  in  order  to  maintain  uniform  (hsch.irnes  of  various  Hniits 
at  the  outlet  ot  i.ac  Seul  are  concisely  set  out  in  lalile  M)  hereini<ler. 

This  tal)le  is  compiled  from  a  mass  curve  study,  ("olunm  .<  lists  the 
maximum  volume  of  storage  capacity  iiecessar\  to  meet  the  (ondilions;  column 
5  lists  the  total  volume  of  water  withdrawn  from  reservoirs  tiirouKhout  the 
period. 


Tdhic  30. — Storai!,<'  Condiiinns  ijiich  uoiild  Inivc  hrni  iicrcs.sury  in  order  to  iiinin- 
taiii  viiriniis  Min'n)nini  Fl(n.s  on  llir  Kirjish  River  at  the  outlet  of  Lae  .Sent  from 
April  I,  1907  lu  March  31,  lt/14. 
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2. 
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4. 

1. 
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Aim,  IS.  |i)|> 
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IS 
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1 

1' 
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.sr, 
1') 
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.Xnalysinji  the  discharge  records  from  the  mass  curvi',  ])late  28,  on  the 
hasis  of  maintaining  a  mean  How  of  6,8.?6  culiic  feet  per  second  shows  the 
following. 

The  months  of  .\pril  and  May,  1907,  are  helow  the  mean  llow,  .ind  re(niire 
an  initial  storage  of  2.?  hillions  of  cubic  feel,  which  volume  is  assumed  to  he 
available  from  previous  years,  and  which  2-4,?  feet  on  I.ac  Seul  would  iirovide. 
The  lake  would  be  refilled  (  arly  in  October  of  the  same  year,  while  the continned 
high  flow  would  provide  an  additional  77  billions  of  cubic  feet  bv  the  end  of 
Februi'.ry,  l'>()<>.  Ten-foot  storage  on  I.ac  Seul  would  accommodate  <;,S  billions 
of  this  vohmie,  leaving  .S  billioTis  to  be  stored  in  the  lesser  lakes. 

I'ollowing  Februar\-,  1<«»<>,  is  a  continuous  low-llow  period  muil  the  end 
of  March,  1910,  b\-  which  dale  ,^.=i  billions  of  cubic  feel  are  withdrawn  from  llu- 
reservoir.  March  is  followed  by  anii)le  llow  until  the  end  of  July,  by  which 
date  the  storage  basins  are  replenished  l)\-  .S.S  billions  of  cubic  fe;-t . 

With  .August  1,  1910,  commences  the  greatest  slack  i)eriod  in  the  c\(lc. 
lasting  until  the  end  of  June,  1011,  and  reiiuiring  a  withdrawal  of  101  billions 
of  lubic  feet  from  slorage  lO  bridge  the  gap  with  the  re(|uired  mean  llow.  The 
net  storage  available  from  the  commencen.ent  of  the  c>cle  to  niicl  this  draw 
is  98  billions,  hence  necessitating  an  additional  three  billions  available  and 
carried  o\er  from  ])re\  ious  years. 

Following  June  M)  is  a  period  of  alternate  surplus  and  deficit,  with  the 
former  predominating,  lasting  until  the  end  of  Februarv,  191,?.     Bv  this  dale 


128 


Dfpiirlmenl  of  the  Interior. 


a  lut  total  of  «)5  liilliims  is  availal)lf  for  sioran*'.  By  the  end  of  thi-  cyrh',  i.e., 
Manli  .\\,  l'>14,  this  stoi.igi'  has  iKrii  rcilucfd  by  09  biUitHis,  having  26  billions 
availahli-. 

In  riAiiwiiiK  ihr  a./ovi',  it  is  notfd  that  a  total  of  26  liillions  of  ruliic  fei't 
is  n-ciiiirtd  at  thi'  idinincnit-nu-nt  of  tiu-  r>(ic,  and  tiiat  the  rn.ixiniuni  storanf 
n'<|uirtd  at  any  one-  timi-  is  101  billions.  This  storaKi'  could  probably  be  pro\  ided. 
Ten  ffit  on  l.ac  Sml  will  supply  <).S  billions  of  cubic  Itct  Vhv  lossi-r  lakes  listed 
in  tal)le  18  will  acconnnodate,  under  the  limitations  of  columns  II  and  12.  a 
total  of  6<>  billions. 

There  is  therefore,  und.-r  the  above  conditions  of  llow.  and  a-suininn  10 
foiit  slorajje  on  Lac  Seul,  sullicienl  reservoir  area  for  the  stor.i^e  (ap.iciiy 
re(Hiired.  It  must  bi'  repialed,  th.it  the  discussion  i>  lluc.retie.il  a,i<!  is  not 
b.ised  on  .ictnal  rnii-olT  nieasmeinents  on  the  Kn.nlish  river  but  on  deduc>'d 
records  from  the  Wiiuiipen  rivr.  1  lowexer.  after  nuking  .iili)\var,ce  for  these 
considerations  tiu  re  i-  -m  d  j;roiin(l  for  belie\  ing  that  if  the  ujjpcr  I, ikes  provide 
re.isonable  reservoir  facilitie>,  the  discharge  from  l.ac  Seul  can  be  iniiformly 
reniilaled  under  a  properlv  opci.iled  system  of  control,  and  a  disi  harge  of 
6. SOI)  labic   f^el    per   second    m.ii, it. lined. 

Ejhct  of  liiijiildtlon  of  the  Lac  Sail  Wat,  iftlud  on  thr  I'oirn-x  of  thr  I-jv^Ush 
River. — -It  is  advisable  to  here  briefly  outline  the  iiillueiice  which  a  lontrolled 
flow  on  the  Kn^lish  river  would  have  on  the  river's  power  ])ossibilities.  In 
dealing  with  this,  no  attemjjt  is  made  to  combine  or  concentrate  the  various 
rajjids  and  falls.  Kai  h  is  considered  as  a  sei)arate  iMJwer  prospect.  Indoubtedly 
an  invest i^at ion  of  tiie  river  woukl  indicate  concentrations  such  as  are  jiossitMc 
on  the  Winnipeg:  river.  The  falls  and  rapids  with  their  resjiective  dr.)ps  used 
hereunder,  are  taken  from  the  I'ifth  Report  of  the  Hydro-Electric  i'ower 
Commission  of  Ontario,  issued  in  1907.  covering  Algoma,  Thunder  M.iy,  and 
Raiin   River  districts. 

The  minimum  llow  to  be  anticijiated  under  natural  conditions  along  the 
English  river  varies  considerably  from  the  outlet  of  Lac  Seul  to  the  mouth  of 
the  river,  there  being  9.846  stiuare  miles  of  tril)iitar>  drainage  ba>iii  added  in 
this  distance.  Erom  tabie  27  the  minimum  mean  monthly  run-olT  on  record 
is  3.146  cubic  feet  per  second,  occurring  in.Apiil.  1911.  This  figure  is  checked  by 
means  of  the  deduced  minimum  inflow  into  the  lake  of  the  Woods  during  the 
seven-year  cycle.  At  the  rate  of  014  cubic  foot  per  scpiare  mile,  the  minimum 
monthly  run-off  of  the  English  river  at  the  mouth  would  be  .S,045  cubic  feet 
jier  second.  The  general  characteristics  of  the  Lake  of  the  Woods  and  the 
English  Ri\er  basins  are  very  similar,  and  the  minimi'm  run-off  conditions 
should  not  vary  greatly.  It  wfuild  not  therefore  lie  achisable  uiuler  present 
conditions  to  deix-nd  on  a  higher  minimum  flow  than  .?,100  cubic  feet  per  second 
at  the  mouth  of  the  English  river.  At  the  outlet  of  Lac  Seul  this  would  be 
reduced  to  1,685.  or.  in  view  of  the  natural  balancing  effect  of  Lac  Seul,  say 
2,000  cubic  feet  i)er  second.  With  a  minimum  of  2,000  second  feet  at  Lac  Seul  and 
3,1-00  second  feet  at  the  mouth  of  the  river,  the  minimutn  dependable  flow  at 
the  rapids  and  falls  has  been  assumed  to  increase  with  their  respective  distances 
from  Lac  Seul.     This  assumption  is  sufificiently  close  to  actual  conditions  to 
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IHTinit  a  roaxmahli-  I'omparixdi  lifinn  hi.kIi'  lutwii'ii  jmiwit  roiiditions  uikIit 
rt'nul.iiffl  and  iii)n-ri'Hiilaii'(l  nm-i>rt'. 

Tlu'  anaK>is  of  llic  llnw  (if  tlu'  !uiKli>li  ri\rr  shows  a  im-ari  llow  of  (t.S.Ut 
ciiliic  ivvt  ]>i'r  MTond,  from  a  rvKulaiimi  of  ihe  I.ac  Siul  liasiii.  A  ( oiisidcraiion 
of  llu'  whole  l)asin  shows  a  me, in  llow  of  n,57()  sciinid-fcci.  l-i  riAicwinj;  ihi- 
roiidilions  niidcriiiK  this  lalttr  llow  possihU-.  it  will  lie  noli-d  that  the  storaKi- 
rc(|uin'd  lan  |irolialii\  all  lir  olilaiiu-d  ahoNt-  llic  l.ar  Scul  oiillit.  ( dii^idt  riii^; 
this,  and  the  prcM'ncf  of  tlii'  possiMr  storage  risii\(iirs  lrilpular\  to  ihr  rixcr 
just  hilow  till'  lake,  it  will  lu'  ioiiMr\  .ilixt'  to  assiiiiii'  for  conip.ir.ilixc  purposes 
a  niiiiiiniiiu  llow  of  cS,(HI()  si-coiidKiM  lliroiit;hout  tile  l-ai^li  h  riser  under  a 
properK    controlled  s\siem  of  storage. 

( )n  this  hasis,  table  .U  hereimdi-r  lias  liein  deduced,  i.i-.,  an  nnreKulaled  iiiiiii- 
imini  llow  varying  from  2,(H)0  second-feet  to  .<,1(M)  st-eond-feet  from  Lac  Seul 
to  the  moiHh  of  the  riser,  and  a  regulated  minimum  of  8,()(K)  second-feet 
tliroii^;hont  the  re.icli. 

Ttililc  M.     F.Jfirl  of  Pnif>,riy  CmilriiHfil  Rc^iiliitioH  iu  the  E>i'^li\li  Kiirr  U'ulcrsliril 
on  the  iindnr loped  po'urrs  of  the  Kir^lish  river  heUna  Lac  Seul. 
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Irom  the  ;ibo\('  lalile  the  total  power  available,  under  estimated  iiiiniinuiii 
conditions  of  llow,  is  2.S,630  horse-power,  while  under  a  regulated  (low  tiiis 
would  be  increased  to  '>5,46()  horse-jxiwer  or  by  2,?3  ])er  cent.  Il  is  apparent, 
therefore,  thai  so  soon  as  hydro-electric  development  becomes  commercially 
feasible  on  the  Knglish  river,  the  (iuesti(m  of  c(mtrolling  the  ilow  will  likewise 
Ix.'come  active,  so  that,  omittiiis;  all  consideration  of  the  jiower  reach  in 
Manitoba,  the  Kjcal  needs  of  the  Enjjlish  river  will  demand  as  comiilete  rei,nila- 
tioii  in  the  ujijier  waters  as  the  reservoir  capacity  will  ]-,ermit.  Such  regulation 
will  be  entirely  beneficial  to  the  Manitoba  reach. 

In  reviewing  the  question  of  regulating  the  English  River  llov  .  it  ai)i)ears 
feasible  by  properly  exercised  control  to  ensure  a  iiiininuiiii  llov.  .■•!'  ii.SUO  ciibi.- 
feet  jier  second  at  the  outlet  of  Lac  Seul,  and  10,000  at  the  mouth  li  the  river. 
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j^  Departmrnt  of  the  Interior. 

U  is  .»..n,ial   .ha,    .h.   .ou.n.l    an.l    r.Kula.i.-n    .lu-n    i.Mi.u.nl  >hall    ...   in 
in.l.iHiuliiU  and  impartial  iiaii.N. 

S,  MMAKv  OK  T,.,:  R..sr,.rs  re  ...  (MnvN- ••  'hom  Stcka.... 
A  rcvi-w  ..f  tin.  s...ra«o  .iis.M.ion  .an  l.M  U-  .unnnari.cl  u.uUr  tlu-  natural 
run-ort  <livi>i..iw  of  the  waurslu-d. 

,,AK1.   Ol     mi.    W<H.l.-    AN'>   TRinriARY    PKAINA..!:. 

f  ,1„.  sisin-voar  nuan    .l..w    fron.    Rainy  lake  (7,962 

n-aaitv  ensured  vvi.h  the  '^^'"1"''^  T  ri!'^'T'y\^>^>^U  02.442  .ul.ic  k.l 
The  sovcn-yoar  nu-an  How  fr.,n.  tin-  l'!*^^'  ^'ff;^ ';;';,,  \„,  .„,,y  if  ,1,. 
,...  s.-con.l)  can  theoretically  l.  •7"' ''"^•;  '^  .;'\',,,  ,  ™  "sure  of  n  ..- 
Lue  .,(  the  W.KK1S  «tora«e  ^^^^^^  ?.h  .  1  collfeet  tnuler  a  eon.- 
lation  in  the  upi^r  basui.     A  .l.scharM    «        -  ul.inMtely 

„U.te   system    of    sU>ra«e    -;;-•- ^;'^,::1.     ^i.  ..Jre.!  with  5.foot 
practicable.     A  mnnmum  ..(  < vr    (),..»<>  >-u     '  ,     .^^itiou  in  the  upi>er 

ujwn  at  intervals  of  years. 

,..N,.LISH    R1V1:R    am.   TRIiaiARY   ORAINAr.l.:. 

f         I       c^...i  {(,  «Ui  ruliic  feet  per  secon  V)  may 
The  «vo„-v.n.  n.-an  "^   "^.'.t:^.^'  .'  f  iJll '  ""l-  ".""""V 

''■-^::!r:v:.  ...... «.- ... .-  -u-j;::,;:;^':!:.^""^:* 

POWKR    RIACII    IN    MANironA. 

pr.m  the  fore.jin,  U  ^-.;J>  a...  th.  the  m.nn^^^^^ 

cubic  feet  per  second  ,n  the  j''-^;  "^  ,  '  ^^  "^.  ,,,,  ,„at  the  foregoir^K  calcula- 
At  the  same  time  tt  wou  d  be  ^^ell  -  ^'^^^  ^^,„,  „,„,,  ..^ct  data  become 
Uons  shouM  be  revise.l  fn>m  time  to  timt,  as  '^u    an  ^^^  ^^^^^ 

available  both  as  to  j'^-'-^^^^J^^^Xlil  r.:!  i:  re:^t  to  the  EnK.ish 
general  run-otl  of  the  basm.  Th.s  >s  •'•"-,,_^^.i^,,„,,.off  on  deductions 
?iver,  since  it  has  l.en  nece^ry  n^^e  for.  .0.,^  to  1  u^^.^    ^^^^^^.^^   ^^^^^^.^^^^^ 

from  existing  records  on  tt.c  \mu   .j    ^•  „,j,,tric  Power  Commission 

now  maintained  on  the  '-^f^flJ^l^^^Zl.  if  necessary,  revising 
of  Ontario  will  provide  reliable  data  f"^  '^'-^^  ^^  portion  of  the  watershc-d. 
the  conclusions  now  submitted  covering    ne  northern  po 
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rniler  prt-M-nt  luniliiioiis  of  hydro-t'lfctric  (lovdopmont  in  ilic  iip|¥T 
w.ittTsluHl,  20, (MK)  M(i>iul-f»<t  ill  tin-  (M)wir  n-acli  ran  U-  Mciirid  IrDiii  a  prDiMT 
toiifnil  of  thf  l.akf  of  ilu-  \\o<mIs  risir\oir  aloiu".  With  tin-  iiurtMs*-  in  |M)wt'r 
utilizi'<l  at  Krnora  .iiul  Kitwatin,  storaKi-  works  must  In?  installinl  in  thf  KtiKlifih 
UivtT  basin,  in  order  to  insure  2(),(MMI  Miond-feet  in  Manitol)a  at  all  Masons. 

Tin-  irnriMMil  use  of  imamt  al  the  outlets  of  the  lake  of  the  WoimIs  will 
iieiessiirily  involve  .1  more  reKul.ir  outflow  from  the  lake  or,  in  other  words,  a 
r.ii.siuK  of  the  present  |)eriiiis»il)le  miiiiimiin  iliM-harKe.  While  this  will  Im' 
<''r<-ctly  U-nehiial  to  the  |M)wer  reaih,  it  will  not  meet  the  requireiiitnls  o|  _'(»,(HM) 
c  Die  feet  |mt  second  ihrounhoul  the  winter  season. 

Assuming  that  under  conditions  of  greater  power  development  .it  the  hike 
outlets,  li,()()0  euliir  feet  [HT  second  were  ensured  from  the  l.ike  of  the  \V(mk1s, 
it  would  not  Ik-  po>>ilile  to  <le|HMiil  on  a  natural  MippU'meiitar\  tlow  from  the 
llnnlish  river  of  more  th.in  ,<,(H)()  •  4,()()()  eiihic  feet  |)er  seiond,  or  say  Ui.OtM) 
I  uhic  feef  |ht  serond  on  the  |K)wer  reach.  I.ac  Seul  is  the  obvious  source  from 
which  tlte  extra  4,000  cubic  feet  per  sicond  to  make  up  the  retpiired  20,(M)0  must 
be  securetl. 

It  is  allonelher  i)rob.ible  that  the  next  ccjiisiderable  storage  reservoir  esta- 
blisned  in  the  watershed  will  l)e  i.  ic  Seul.  Its  waters  can  lie  used  for  the  direct 
benefit  of  the  WinniiKu  nach  until  such  time  as  |Mwer  <le\elo|)ment  takis  place 
on  the  lu)>;lish  river. 

(.1 M  KAI.    I'kIM  II'l.l  s    01     Kl.1,1  I  .\ll()\. 

It  is  not  possible  todo  more  ih.in  theori/e  about  the  future  <  our>e  of  develoj)- 
nunt  throi;>;h()ui  the  basin,  ai.d  h<-nce  it  is  impraciic.ible  to  Liy  down  hnal 
priiK  ipli>.  which  >iioul(l  control  liilure  reKul.ilioii.  It  is  possible,  however,  to 
emuK  i.ii,'  .1  'ew  jieiiiTal  princi|)le^  which  >hoiil(l  be  kept  in  niiiul. 

The  I'ort  I'r.inces  power  imderl.ikinv's  rccpiire  the  fullol  iiie,isure  of  regula- 
tion .itl.iiii.iblc  in  the  K.iiny  Lake  w.tler>he<l.  .\ll  erforl>  must  therefore  be 
made  to  secure  the  highest  feasible  miiiiiiiuni  llow,  ,ind  tocoii>er\e  to  ihe  greatest 
degree  pos-ible  llie  entire  run-off.  It  u,  scarceh  pn.b.ible  ih.il  it  will  be  feasible 
or  desirable  to  est.ibli^h  sutficient  roervoirs  in  the  upper  l.ike>  to  fully  regulate 
the  niii-olT  from  all  portions  of  the  b.i^in.  R.iiiiy  lake,  as  receiving  the  entii.- 
upper  dr.iiii.ige,  is  the  naliiral  balancing  reservoir  for  the  power  works.  .\t  such 
times  and  under  such  conditions  as  it  is  necessary  to  (unserve  tile  run-off  to  the 
ulmosl.  it  will  therefore  be  necessar\-  tomainl.iin  the  lake  level  below  thes|)illway 
crest  o(  the  control  d.im,  in  or<ler  lo  provide  stor.ige  cai),i(ity  for  iniexpected 
run-olTs  from  unconlrolled  sections  of  the  ba-in,  and  to  prevent  po^-ible 
waste. 

.Nam.ikaii  lake  likewise  .icis  .is  a  bal.incing  reservoir  for  the  I. ike-  in  tlie 
basin  above,  and  should  be  utilized  to  regulate,  so  f.ir  as  possible,  liie  tlow  fruni 
the  uncontrolled  portions  of  the  tributary  drain.ige.  The  (illi,,..  an<!  emptying 
of  such  reservoirs  as  may  be  established  in  the  upiwr  b.isin  is  .ihogvliier  ,1  matter 
(iepeiKlent  on  their  loc.uion,  capacities,  and  mo.-,i  advantageous  u-e  [,.  anv- 
event,  Rainy  lake  wil'  ,0  utilizi-<l  as  the  t^nal  balancing  reservoir  for  the  power 
works. 
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Thf  prtMiii  |H)vstr  um.I  al  ilir  ..ml.-t*  ci  tlu-  l.tki-  of  ilu'  VV.hhIs  i|.h-h  not 
iii»rin.ill\  iii|iiirc  iimrr  ili.iii  .<,(HH)  i  uhi,  Uii  (ht  vinnd  lor  >..iii.sia<  i<.r\  o|HT.tiii.n. 
riiiH  (low  «,iii  U'n.ulilv  Mriiriil,  aiul  al  ilir  »iiuf  liiiii'  ilu-  lakf  Ik-  iiiili/f<|  an  a 
lialaiuiiiK  riMr\<»ir  fi>r  llu-  Manitolia  r»Mcli.  A'^  'huwii  on  plaUs  lU  ami  2\. 
JO.IMM)  ciiliic  l»rl  ptT  mcoikI  in  Maniioha  lan  ilunliv   lie  rculih   niainlaini'il. 

So  loni;  ax  ilicn-  i-.  ample  llnw  a\ailalili-,  il  will  not  U-  iunv-,arv  to  «'xiTiiM' 
control  o\cr  lIu-  <liM  liaini-  otlur  than  lo  kti'p  ilif  lake  a-,  luarlv  full  as  |M>s>il.U- 
at  all  »t'a>on»,  an<l  ilraw  from  il  oiiK  at  mhIi  liim-N  as  ilic  |)o«it  iiuirfsis  on  ihc 
lower  river  ilemand.  In  oilier  words,  the  like  storaKc  must  U'  kept  ii  all 
lim.s  availaliie  ,i>  ,iii  iiisnranre  auainsl  low  rim-olt  eondiiions.  ilu  se  ina\ 
practically  alwavs  lie  (otmied  on  diirinu  ilie  winter  season.  In  normal  \ears, 
the  Like  shonid  lie  full  ilironi;lioiii  the  snintne--  and  na\i];alion  season,  and 
drawn  down  lliroiiv;hoiil   the  winter. 

When  the  powir  deni.md  at  the  laki  outlets  Incomes  more  |>ressin>r  iuid 
rei|iiiris  ,i  Mow  approai  liini;  the  average  run-off  from  the  I, ike.  the  (ontrol  i,i 
the  reKulation  will  re(|iiire  a  much  greater  decree  of  rare,  and  will  aim  at  a 
minimum  of  wasie.  Inder  these  conditions,  the  Like  must  lie  maintained  at 
an  elev.iiion  MiltitieniK  below  the  uppi  r  limit  to  permit  the  storing;  of  tlie 
surplus  run-off  from  the  south  and  west,  where  no  reservoir  rapaciix  other 
than  the  Like  is  availalile,  ,ind  to  make  pnni'ion  for  extreme  IIockIs.  At  the 
same  lime,  the  lake  must  In-  tilled  to  upper  level  hefore  the  commencement  of 
the  low -water  season.  I'r<)i)er  control,  with  ilie-e  ends  successfully  attained,  can 
only  Ik-  insured  by  a  thorough  and  iiii  llineiit  study  of  past  run-o(T  condiiions, 
and  by  the  careful  recording  and  .iiiaKsis  of  similar  data  from  ye.ir  to  vcar. 
The  control  of  the  lake  must  be  su|)plemented  by  rejiulation  of  the  watershed 
above  Fort  Frances. 

(ONTKOI     Ol.     Hl.dfl.ATIOV. 

A  review  of  the  inaKiiilllde  .iiid  diversiiy  of  the  power  iiiUivsls  of  the 
Winnipeg  River  watershed,  eni|)i)asi/es  the  outstanding;  importance  of  the  control 
of  its  run-off  through  the  operation  of  stor.i^e  reservoirs.  It  is  immediately 
aiijiarent  that  if  these  reservoirs  .ire  in  priv.ile  hands  and  are  oper.ited  solelv 
to  meet  local  needs,  the  Kencnil  powei  interests  of  the  basin  and  the  |).irticular 
interests  of  comjjetin^;  imdert.ikings  are  certain  lo  suffer.  For  example,  assume 
that  the  re«;uLilion  of  the  lake  of  the  Woods  is  wholly  in  the  hands  of  a  pri\ate 
firm  (!e\elopiiig  power  al  the  outlets.  Closing  the  reKul.itiiiK  sluices  al  the 
lake  outlets  would  comiiletely  shut  off  the  llovv  from  the  Like,  jiossibly  for  weeks 
at  a  time,  and  thereby  reduce  the  tlow  in  the  WiniiipeK  jMnver  reach  by  at  le  .st 
one-half.  Fven  under  ordinary  operating  conditions  at  the  lake  outlets,  it 
would  at  all  times  be  possible  to  so  control  the  lake  as  to  adversely  affect  power 
developments  on  the  lovviT  river. 

Other  examples  could  be  givin.  The  above  is  sultkient  to  illustrate  the 
impossibilLy  of  priv.ile  control  over  storage  reservoirs  on  a  river  such  as  the 
Winnipeg,  where  a  large  number  of  indeiiendeiit  innver  establishments  are  in 
ojii-ration,  all  of  whsch  are  equally  .-IciKndent  on  the  ruu-uiT. 

This  (|uestion  of  c(mtrol  is  again  dealt  with  in  chapter  VT  in  connection 
with  the  interdeiK-ndcnce  of  the  •  irojected  power  concentrations  anil  the  existing 
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I)lants  oil  tlio  Maniti)ha  powiT  ri'acli,  ami  tin-  impraitii.iltility  and  iiiifi'a>il)ilit\ 
of  |)ri\ate  ri'^ulalion  for  |)iiril\  local  lU't-ds  at  each  site  is  a^'aiii  clcarh'  in  evidence. 
In  addition  to  the  i)o\\er  (iiiestions  affected,  the  Uinihering,  lishin^j,  navi- 
gation, and  other  interests  nuisl  also  receive  their  [iroper  consideration  in  the 
general  question  of  river  regulation. 


('.OMCRNMKNT    'ONSTRLt  TION    Ol'    K1;s1;k\()1RS, 

If  all  interests  dependent  on  and  affected  1)\  the  run-off  are  to  i)e  ensured 
satisfactor\-  ()|)eraiinK  conditions,  it  is  clearK  appari'nt  thai  there  must  he 
some  central  super\ising  control  of  the  entire  ri'gulation  of  the  ri\er.  The 
ri'gulation  of  the  hasin  must  be  in  the  iiiHTcsts  of  all  concerned,  as  well  as  in 
the  interests  of  each  undertaking. 

This  being  the  case,  it  is  e\  ident  that  the  establishment  of  storage  reservoirs 
should  be  undertaken  b>-  the  fioMrnment.  The  expense  of  their  constriictif)n, 
maintenance,  and  operation  should  be  shared  among  the  ^•arious  power  users 
benefiting  froi-  their  installation,  antl  shared  in  jiropo'-tion  to  the  benefit  •■eceiwd. 
I'nder  these  conditions,  the  proportionate  cha;  ,  (m  each  jiower  undertaking 
would  be  small.  On  the  other  hand,  the  private  establishment  of  a  reservoir 
throws  the  entire  cajiital  and  operating  costs  on  the  particular  comi)any  con- 
strncting  the  same,  while  the  benefits  derived  from  its  moderating  effect  on 
the  river  flow  are  e(iualK-  shared  by  all  [)lants  below.  In  \ie\v  of  this  aspect, 
il  should  not  be  dit'ficult  for  the  (i(nernment  and  the  ])()wer  users  to  reach  a 
nuitually  satisf.ictory  basis  of  agreement  with  regard  to  the  construction  of 
necessary  reseivoirs,  and  to  .irrange  for  a  i)roper  sharing  of  the  cost,  maintenance, 
and  o])erating  expenses,  among  all  parties  benefited. 

RlICl  r..\TIN(.    ALTIloRII  V. 

The  operation  of  the  regulation  to  the  salisf.iction  of  all  can  only  be  ensured 
b\  its  being  pi. iced  in  charge  of  a  responsible  central  control,  to  whom  all  ques- 
tions pertaining  to  ri\er  regulation  can  be  referri'd.  It  is  considered  tli.il  this 
central  control  could  be  best  exercised  through  the  joint  action  of  the  Dominion 
Water  Power  Branch  and  the  Hydro-Electric  Power  C'onunission  of  the  province 
of  Ontario,  or  failing  this,  through  some  central  government.il  board  or  com- 
mission. To  ensure  satisfactory  oi)eration  of  the  regul.ition,  the  controlling 
orgam'zation  must  possess  the  following  primarx  (lualifications:    • 

(1)  It  must  ]iossess  the  confidence  of  the  wirious  power  and  other 
interests  affected  by  an>-  [ihase  of  the  regulation. 

(2)  It  must  be  so  coiL-lituted  as  to  en.ible  instant  action  being 
taken  upon  comi)lainl  or  demand  being  made,  that  is  to  say,  it  must  be 
re])resented  on  the  ground,  and  immediateh-  and  at  all  times  acci'ssible 
to  all  parties  interested  in.  or  affecleel  by  the  run-off  regulation. 

(.^)  It  must  at  all  times  be  in  full  ])ossession  of  all  d.ita  necessary 
to  adjudge  any  question  of  regulation  which  ma>  arise. 

(4)  It  must  have  entire  authority  and  direct  charge  o\er  the  o[)er- 
ation  of  all  storage  rescnoir?,,  am!  supervising  -ontrol  over  the  loc.il 
regulation  maintained  by  each  hydro-electric  and  industrial  undertaking 
utilizing  the  river  run-off  as  a  source  of  jxiwer. 
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Mirrrioi)  of  controi.. 

In  order  to  fulfil  the  actual  requirements  of  (iptTation,  it  will  he  ii.ressary 
for  the  controlling  body  to  appoint  and  maint.iin  a  i)ernianent  and  responsible 
regulating  engineer  in  M,le  an.l  direel  <harge  of  the  regulation  of  the  entire 
nui-olT.  Ihis  olt^.er,  established  in  a  rentr.d  office,  should  be  in  dailv  receipt 
..f  full  uiforniation  as  to  the  discharge  of  the  river  at  all  vital  points,  and  as  to 
the  loads  carried  and  water  wasted  at  all  h>,lro-eleclric  and  in.lustrial  plant. 
aliK.g  the  river. 

^  The  satisfactory  carr>  ing  out  of  the  regulation  will  necessitate  the  careful 
rating  of  all  ])ower  plants  and  dams  throughout  the  basin,  as  well  as  full 
investigation  into  the  time  taken  by  the  discharge  from  the  various  storage 
reservoirs  to  reach  the  dilferent  centres  of  de^elopment.  Fairlv  complete  dat  i 
ol  this  nature  have  already  been  gathere.l  by  the  engineers  of  the  Dominion 
Water  Power  Branch,  and  further  investigations  are  being  proceeded  with. 
It  IS  only  by  a  thorough  and  continuous  study  of  all  run-off,  storage,  and  load 
re(iuiremem  data,  that  a  control  can  be  inaugurated  which  will,  from  its 
commencement,  be  satisfactory  to  all  interests  affected.  Steps  have  already 
been  taken  by  the  Water  Power  Branch  to  carry  out  such  a  study. 

In  .-eviewaig  the  en' ire  situation  as  it  now  stands  in  the  Winnipeg  basin, 
and  considering  the  confiicting  interests  which  are  at  present  affected'by  the 
question  of  regulation,  as  well  as  the  importance  of  the  future  industrial 
development  which  must  take  place  and  is  dependent  on  the  river  power,  it  is 
apparent  that  some  such  s>stem  of  control  as  that  outlined  above  must  be 
instituted  if  the  full  benefit  of  the  river  flow  is  to  be  ensured  to  all.  That  this 
central  control  will  be  satisfactory  to  the  interests  affected  and  to  the  iHiblic 
at  large,  and  will  be  vasih-  more  efficient  than  ha])hazard  regulation  to  meet 
immediate  local  needs,  without  regard  to  other  interests  and  future  refpiire- 
ments,  is  olnious  to  all  who  give  the  question  serious  consideration. 
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CHAITICR  \. 

RXISTIN(;   POWER   AM)   INDLSTRIAl.   PI  ANTS. 

\Ui,nv  iiinriiiu  iiim  a  iltt.iilii!  -tiidy  nf  ilic  v.irioiH  imit-  wliidi  «<>  to 
makf  up  llif  i>nii)(i->(l  xluiiir  of  li\<ln>-(!ii  trie  (IfVilopiiuMit  .iloni;  llic  \\  iniiii>c« 
river  in  Manitoba,  it  will  \>v  ach  i-abli-  to  (Kal  hritiK  willi  the  i\i^tini;  jiowir 
l)latit>  and  -lorano  (lam-'  now  con-tnicti'd  in  llu-  l)a>iii  Two  lar^c  power 
stations  are  now  in  operation  on  the  river  in  Manitolia,  the  Winnipeg;  l-.lectric 
Kailwa\  plant  on  tiie  I'inawa  ch.innel.  and  llie  eit\  of  \Vinni|)et;  nuniiciiial 
l)lant  .11  point  dn  liois.  Tlusi'  plant-,  ami  their  sal\'i;tiardinK.  f<irnied  coniroUini; 
fealnre>  whieli  re(Hiired  fir-t  consideration  in  la\  ini;  ilown  a  K^tHral  s(  heme  of 
deMlopnu-nt  for  tlu'  ri\er.  I'he  entire  reach  of  the  river  in  Manitoba 
above  Lac  (In  lionml  was  more  or  lesr.  affected  i>y  the  head-  and  tailwaters 
of,  and  the  diversion  conditions  resulting  from,  the  two  exi-ting  underlakin.ns. 
'I'he  rivi-r  reach  below  l.ac  dn  Honiiet  w.is  undisturbed  by  existing  structures, 
and    offered    full    scope    to   ilevelopment    .iloni;    i;iaxinium    advaiitai;eoiis   lino. 


rinf  I'.iU-.  OKI  ll.-.iilr.i,-... 

First  Di.:vi:i.()I'mi.ni  on  1!ik  Winmi'kc.  Kivi;r  in  Manikhia. 

What  was  probably  the  first  jiower  installation  on  the  Manitoba  read) 
of  the  Winnipeg  river  was  undertaken  some  forty  \ears  ayo  at  I'ine  lalls.  1  he 
ii\er  a:-  .1  whole  docs  not  ItTid  itself  to  ;.nia!l  de\  elopnu-ius,  and  it  i-  '•■•■■■':'  oy 
taking  advantage  of  particular  local  opportunities  that  such  develoiMiients  are 

even  feasible. 
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/hl'inhiirnl  of  llir  ln/i  rior. 


At  I'iiU'  f.ills,  .idv.mt.iKf  w.ih  lakcii  of  liu-  rnik  and  >li<>ri'  I'nriiialiun  on  llic 
li'ft  rivt-r  liaiik  to  hl.ist  a  pnucr  raii\\a\  lor  llic  inirpiiso  ol'  carrviTii.;  'lie  licail- 
walcr  li\fl  ti>  a  liiinlxr  and  >liiii^;k-  mill  Icxaiid  -oiiif  ')()()  Ittt  hduw.  A  lu'ad 
(it  alxnit  ')  iVfi  w.is  available.  Nd  di\tr>i(in  d.tm  wa-.  con-.lriicUil  in  cuiincctiDn 
willi  liif  litad-racf,  the  natural  -.lidrc  line  |)ri)\idinK  of  iiM'lf  all  the  f.uililics 
\vhi(  h  were  ncccsNary  in  llii^  diicciion. 

Tin-  ntil!  was  in  i'oniiniioii>  oiMTaiion  al  ul  tliiriecn  \i'ars,  >va-i  then  >lint 
down,  and  some  ti\i'  or  >ix  >i-ars  aflcrw  .irds  dr-tro\i'd  by  lire,  flic  old  tnr- 
liini-  nnnuT  is  still  on  tlu'  site,  and  is  an  intcn'sliii^  nniindcr  of  early 
industrial  da\  s  on  the  ri\cr. 


WlNMl'l.i.    F-j.I(   IKK      Kamw.W     (  OmivWv's    I'lASr. 
HI~-l()Klr\l.. 

Tilt.'  first  hir^c  lixiiro-eleclric  de\elo|)niinl  eonstrneted  in  Manitoba  was 
that  undertaken  l)\-  the  Winnipeg  (ieiural  I'ower  Company  on  tlu'  W'innipei; 
river.  This  i-om|)any  was  orjranized  in  l')(ll  for  the  piirp<i'  of  ileveloi>ini;  power 
for  distrihtilion  in  Winnipeg'.     The  Winnipei;   l^leclric  'y  ('oini)any  was 

incorporatetl  in  1904.  .ind  aniak.inialed  the  interests  of  tlie  \Vinni|)eK  C.ener.il 
I'ower  Company  with  those  of  the  WinnipeK  Kleilrii:  Street  Railway  Com])any. 
This  latter  company  operated  the  streii  r.iilwa\'  s\stem  of  Winnii)e^,  and  also 
distributed  power  for  domestic  and  industrial  use,  supplying  the  same  from  a 
steam  station  located  in  the  city. 

The  site  selected  for  the  construction  of  the  iilaiit  is  loc.ited  on  the 
Pinawa  channel,  in  section  .S2,  township  14,  range  12,  east  Principal  meridian, 
about  58  miles  in  a  direct  line  from  the  city  of  Winniix-K-  The  general  scheme 
projiosed  called  for  the  di\ersioii  into  the  J'inawa  channel  of  a  jiortion  of  the 
Winnipeg  Ri\er  tlow,  by  means  of  diwrsion  weirs  across  the  main  channel, 
and  the  concentration  and  de\elopment  of  a  40-foot  head. 

CONsTKlC  TK)X. 

The  site  ot  the  power  st.ition  ('plate  2)  is  7  miles  distant  from  tlie  village 
of  Lac  du  Bonnet,  which  at  the  time  of  construciioii  gave  the  nearest  niilway 
connection.  The  city  of  Winnipeg  tramwa\-  line  now  runs  within  4  miles 
of  the  station.  The  construction  of  the  plant  re<iuirc(l  the  installation  of  a 
ierry  at  l.ac  du  Boiini't,  where  the  river  is  somewhat  less  than  a  mile  in 
width,  and  the  constriicti.)n  of  a  traffic  road.  The  heavier  portion  of  the 
transport  was  c.irried  iluriiig  the  winter  season. 

C)|i€rations  on  the  excavation  of  the  dam  and  tail-race  began  in  the  sjiring 
of  1002,  the  i)revious  winter  ha\ing  been  dexDted  to  transporting  the  necessary 
plant  to  the  ^round,  and  the  construction  of  the  plant  was  practically  com- 
pleted by  June,   I  WO. 

The  late  Dr.  F.  S.  Pearson,  consulting  engineer  of  New-  York,  with  Mr. 
L.  J.  Hirt,  (.'.K.,  had  charge  of  the  design  and  construction  of  the  entire  work. 
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KIVl  K^UiN    \M.IK><    AM>   (OMKOI     DAM. 

Thrii'  .liMTMun  w.-irn  .-n^s  ilu-  in.iiii  an.l  Mioixlary  ili.miul-  ..I  tli'- 
WinniiHK  riv.r  .,i  il..-  lua.l  ..{  ilu-  I'in.iwa  .  hainul  (plati-  .«»).  Tin-  main  wnr 
roMMsts  of  a  1,<7'»-I.H.t  (on.r.ti-  ra|.iH'<l.  rock-till  Mru.liiri-,  with  <  nM  at 
H.vitinn  105  5.  .ompanv'^  .lauim,  ..r  H'*"  44  Watir  I'.m.r  Sumy  .latum,' 
.nnn.-.t.<l  vviih  tin  riv.r  haiik^  ...i  .itlur  ■^i-U-  by  o.ncr.f  sp.lUay^Nv.tli.ri-sis 
,t  H<)7-44  l.riiiKinn  tlu'  ti.tal  l.-nnlh  ..f  tlu-  main  Wfir  U))  to  1,052  fnl.  1  In-' 
r...k-tUl  *-cii..n  i.  not  .■ntir.lv  «ati>r-tiKhl,  I'Ul  fn'tiU  <l"-  puriH.M-  for  whi.li 
it  was  ronMru.l.-.l,  i..'  .  rai>inK  tlu-  wat.r  Kvcl  aU.v.-  to  a  sutti.i.nt  ,•!.  vati..n 
,„  .iiv.Tl  tl.o  luc.-arv  llow  .i..«n  tli.'  Pinawa.  .\  fish  la.l.U-r  an.l  lo«  .h.lr  ar.' 
l..,-,,i..i  a.  till'  \v.-i  al)UinKi.t  of  this  w.'ir.  Twc  >.-.-..n(lary  wi-irs.  ..ne  of  liinlKT, 
l.nnih  12l»  f.rt,  .r.'st  at  «)()'M,  ..lul  tlu-  otluT  of  ...n.-nM.',  l.■n^!tll  5.^5.  m-sl  al 
805  •)4.  ^panninK  two  M.-onilary  .h.iniuU.  compl-t.-  the  .livrrsion  syst.'in. 

Tlu-  .lis.  h.irnf  .lown  tlu-  I'inawa  to  tin-  plant  ,-  ^;ov^•rn.•.l  by  a  .-.mtrol  (lam, 
nmsistinK  of  .-iKht.-.n  "-foot  .m.l  -m,-  l.U.-fooi  .f.i.loR  slui.v-ways,  with  sills 
It  ileviti..n  881  •'>4.  .\bo  f  th.-  .-..ntrol  .lam  an.l  the  .liversum  w.irs  th.-rt-  is 
a  pon.lag.-  an-.,  of  app.'.xi-.ately  5.8(K)  arr.'s,  t-xtn.dii.n  up  str,-,nn  to  the  f.n.t 
of  Sl.ive  falls. 


iii.Ai)-KA(  i;. 

Fnim  tho  n.nirol  .lam  to  the  pow.r  -talion  pon.l  s..m.-  1\  mil.s  b.-low, 
ilu'  iR-.ul-ra.v  follows  a  -unuwh.it  Nvin.iinn  n-nt.'.  which  in  i.l,ic.s  has  b.vn 
CM,.. siv.lv  imi.rov..,!,  wi.U-.u.l  an.l  -traii;ht.n..l  by  cxcav,.ii..n.  1  he  current 
is  n.pi.l,  an.l  th.'  water  surf....',  wiiich  al".v.-  the  w.'irs  varies  from  elev.it.on 
8<>8  to  901,  .Irop^  to  elev.iiiou  H81  in  the  p.)Uil  aliove  the  power  <lam.  I  he 
t  lil-r.ice  pr.'.Mnts  .-ondilions  larjjely  similar  to  th..sc-  in  the  hea.l-ra.e,  and 
the  watc,  n.illy  r.joins  the  main  river  in  Lac  du  Bonnet,  about  1.?  mil.'s 
below    the  -i.ition. 


I'.IWI  K    ^TArioN. 

1„  ,!,.•  general  lavout  of  tlu-  pl,.nt  (,.l..ie  .?l!,  the  power  sl.ition  is  pla.e.l 
„„  th.  w.si  bank  of  the  .hannel.  Tiu'  p.,wer-h....se  buil.hng  is  ,V?0  feet  in 
U„gth  V  lee-t  in  wi.lth  and  2';  feel  9  in,  lies  fn.m  generat,.r  llo..r  to  top  of  root 
truss  'The  gen.-rat,.r  ll,.,.r  is  at  elevati,.n  851-44,  with  the  bott.mi  ..f  the 
nil  rue  at  8'(.  94.  The  intake  .lam  is  placed  95  feet  upst.eam  troni  the 
uV^tream  si.le  .-f  the  ,.ower  st.Ltion.  the  water  being  led  to  the  turbines  thr,.ugh 
U-foot  steel  penst,.cks  housed  for  protection  against  frost,  an,l  with  their 
entrances  guarded  I.n  the  customary  gates  and  racks.  The  transformer  house 
lies  t,.  the  north,  an.l  is  an  extension  of  the  power-house.  Its  dimensions  are; 
length   17ti  feet,  width  53  feet,  height  36  feet  9  inches.     The  entire  building 

is  of  iircprcn;f  uriiftructio!' 


i.,.:,,,.T  built   of  brick   ami   structural   steel    through- 


out. 


I  7'Jl  li  W.it.r 
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INSTAI.l.ATON. 

The  hydraulic  installation  consists  of  nine  main  units,  four  of  2,595  h.-p. 
and  live  of  4,788  h.-p.  (manufacturers'  rating  at  3')-f<)ol  head).  Kach  unit 
consists  of  four  horizontal  inward-flow  runners  mounted  in  pairs  and  located 
longitudinallv  in  the  penstocks.  The  draught  tubes  drop  vertically  mto  the 
tail-race,  with  the  water  seal  at  elevation  SMM.  The  turbines  are  direct 
connected  to  the  generators,  and  are  equipped  with  Lombard  governors.  The 
electrical  installation  consists  of  four  l,()00-k.w.  an<l  five  2.00()-k.w.  rex. .King 
field,  6()-cycle,  2.M)Q  -volt,  three-phase  generators.  The  smallest  machines  run 
at  200  and  the  larger  at  180  revolutions  per  minute.  The  generators  are 
guaranteed  to  operate  at  full  load  at  95-5  per  cent  efficier-y.  Kxcitation  is 
provided  bv  two  lOO-k.w.,  125-volt  direct-current  machines  coupled  to  two 
^(K)-horscpower  McCormick  turbines,  and  oiierating  at  600  revolutions  per 
minute;  and  bv  two  175-k.w.  125-volt  exciters  coupled  to  three-i>hase  2,.W0-voIt 
induction  motors,  oiierating  at  514  revolutions  per  minute. 
Table  32  lists  the  station  equipment. 

Table   .■,2.— Machine    Installation   of    Winnipeg    Electric   Railway    Company  in 

Pinawa  Channel  Plant. 
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Fifteen  transformers  raise  the  voltage  to  60,000  for  transmission  to  Winnipeg. 

A  summarv  of  the  machine  installation  of  the  Winnipeg  Klectric  Railway 
would  not  l)c>  complete  without  reference  to  the  steam  and  storage  battery  plants 
o|)erating  in  conjunction  with  the  Finawa  station. 

Prior  to  the  vear  1906,  when  hvdro-electric  power  is  first  used  in  Winnipeg, 
all  electric  light' and  power  was  supplied  from  a  steam  plant  on  Assiniboinc 
avenue  in  Winnipeg,  owned  by  the  Winnipeg  Electric  Street  Railway  (  ompany 
This  plant  had  a  caiiacity  of  about  5.0f)0  brake  horse-power.  In  the  year  1  W 
the  capacitv  of  the  Assiniboinc  Avenue  power-house  was  increased  by  1,000 
horse-power.  In  the  vear  1911  an  auxiliary  steam  plant  of  12,000  horse-power 
capacitv  was  constructed  at  Mill  street  adjoining  the  comi^any  s  main 
substation.  During  the  vear  191.^  the  company  built  a  storage  battery  house 
adjoining  the  Mill  street  substation,  and  installed  a  5,000  ampere  ho.r  storage 
battery  At  the  present  time  (March,  1915)  the  Mill  street  station  is  capable 
of  producing  16,000  horse-power,  and  the  Assinib:.ine  Avenue  plant 
.  ,,,,i,„.,„.K-  6,000  horse-power.  At  certain  seasons  of  the  year  all  of  the 
compan>'s  steam  power  and  the  storage  battery  plant  is  in  use  and  oix-rateJ  to 
capacity. 


CCNCRAL  KCV   PLAN 


^^^^^^ 


PLAN  or  TIMBER  CHUTE   and  FISH  LADDI 


WEIR  C 


NOTC 

PLAN  BASED  ON  BLUE  PAINTS  FILED 
BV  THE  WINNIPEG  ELCCTfilC  BAIL- 
WAY  COMPANY 


J  i.  u  uuijUuuuu    UuUuUuuui_ 


CONTROL  DAM 


PLATE  No   30 


MAIN   WEIR   A 


^=F?=^ 


r-T  '  I  t  1   I 


FISH  LADDCR 


=* 

-«i- 


SECTION  OF  WEIRS  C  ANcO 


t    9P   ^»     fl     |1'-Q 


r\ 

CLCVMTION 

c:   '^)      ) 

rLAN 
PIER   or  CONTROL  DAM 


^l*>.m.i  *  H.W.I 


avri"ytjn» 


SECTION  OF  SPILLWAY   B" 


Ihiiitnv-nl     1  tSu-  Int 


«  .trr  P.-«if  Hnnrh 


\v  IWII'F.c;  HIVF.K  I'OWHK  SIRVKV. 
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Winnipeg  Electric  Railway  Company,  Intcror  cf  Pi,wer  Station. 


86376—10 


140 


Pepattment  of  the  Interior. 


of  45,000  horse-power. 

POWICK    I 'AM. 


Winnipeg 


Electric  Railway  Company.  Power 


Dam. 


.  r    .      1       I  ow  earth  embankments  with  top  at 
fall  .nd  connects  with  the  '^f.;.^;;t^„,^'^Vheadworks  are   constructed    to 
elevation  883  arc  located  on  either  bank, 
withstand  a  pond  level  of  882. 

HEAD   AVAILABLE. 

,He  head   available   for   power   purpo.s  varies  considerably,   de.ndin. 

on  the  season  and  the  flow  in  the  channel  ^^^^^      ^^^  ^^^  ^^^^^ 

The  original  crest  of  the  spillway  wa»  at  «;l^^a^  .       .^^     i^cing  ol 

39  feet. 
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TRANSMISSION. 

The  entire  uutput  of  the  station  is  tran^tmittctl  to  \Viiini|K'K  at  60,()0()  voltst, 
over  u  65-niile  (luf)licate  transmission  line.  Tlie  line  is  supixirted  on  standard 
steel  towers,  40  feet  \\\%\\  anil  sp.icetl  at  .S(H)-f<M)t  inters als.  It  crossi-s  tlii'  main 
VVinniiK'g  river  with  a  s|)an  of  760  feet,  on  72-fiM)t  towers,  and  the  Red  river 
with  a  span  of  1,100  feet  on  lO.S-foot  towers. 

The  |KJwer  is  delivered  to  substations  aiul  ilistributed  in  the  cities  of  Winni- 
IK'K  anti  St.  Uoniface,  the  towns  of  Transcona,  Stony  Mountain,  and  Stonewall, 
the  rural  munici[iiditiesof  Fort  Garry,  .Assinilxii.i,  Kast  Kildonan,  West  Kildonan, 
St.  Andrews,  St.  \'ital,  St.  I'auls  and  RoekwtxKi,  and  is  supplietl  in  bulk  to  the 
West  Selkirk  municipal  plant. 


WiiUtr  (nnilitiiiiis  at  Power  Dam. 


OPKRATION. 


■I 


Due  to  the  long  winding  head-race,  with  its  rapid  and  in  places  disturlxnl 
current,  ice  conditions  have  given  considerable  trouble.  In  the  severe  tcm[)er- 
atures  which  prevail  during  the  winter  season,  accumulations  of  frazil  ice  at 
times  partially  chokes  the  head-race,  with  a  consequent  reduction  of  the  flow, 
and  ths  use  of  explosives  is  snmetimos  npre?u<^iry.  Sim-l.Tf  runditions  .nre  some- 
times met  with  in  the  tail-race,  and  the  choking  of  the  channel  results  in 
backing  up  the  tail-water  with  a  consequent  reduction  of  head.     While  these 
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Enl  wL-o.  ..,  r.„„l»t  .*««,  ,-..,uli.i »  '1.-V  ■"■- 

now    Rl  nilKI  l>. 
,  f   .W  fict  tl.U   vvi.l.   a  l'r..lH>.lv  '    "trnlt.vl   run-otT   tlu-  Mirplus 

,,.K.  d...lo,H..l  „n  .lu-  S.ve„  S.s,..rs  -""•  ■'  Ij'^   \  ^j"   J  ,     ,   ,  ,,,..,,  „..w 
.  ,  ^:    inH   i  I      nU  i^V;;.UU.n  1  ...n.i.K.ral...  d,an..s  in  U.  J.,    an. 

,.,l,lv  .,m,r.„.  -..li,.B  fcr  .»n„„c,  r.,.,.l.„«n,.  I.  t  i;.«  ■•    ';;";;;,„,„,  „,i. 
infornialion  it  was  ncicssary  to  rate  tnc  piam 

the  present  installation.  .-huHul  are  apixiuled  in  tal)les 

The  o,K.vsea.,n  discharge  rec...  .        ^^     '     -'^j;^  .,j;„..,^,  ,,,„„.„,,, 
55.  56.  ami  ^7,  Appendix  \  11.     I    ^*>^  ^^  "  ^^,„^  ^  consi.Krable 

exceeils  S,()00  cubic  feet  per  second.     HoNve%(r,  Uitrc       fcci 
auton.a.i<   discharge  over  the  free  sp.lhvay  of  the  plant. 


City  ok 


WiNNWiH.'s  Mi.NiciP.M.  Plant.' 


IlISTORH    M. 


•.-.rrc  -.^i-en  .o  -xar  careful  e.\aiumation  was  i-i.t-K    r.i 

for  the  location  of  ihe  i.ropos,..!  plant.     A  carciui  ^ 
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the  hydraulic  resources  of  the  river,  and  the  report  presented  justified  the  city 
authorities  in  having  contour  surveys  made  of  the  three  most  P-'O-'-'g  J-- 
sites  These  surveys  vvere  carried  out  during  the  following  winter  and  the 
Se  finally  selected  was  that  at  Point  du  Bois  falls,  at  which  pomt  there  was  a 
natural  fall  of  from  28  to  33  feet. 

The  final  report,  including  the  estimated  cost  of  development,  was  sub- 
mittal in  April  1906.  and  in  June  the  citizens  voted  $3,250,000  towards 
The  constructL  of  the  plant.  Designs  and  plans  were  begun  m  October  of  the 
ame  yetr  and  it  was  tEen  intended  to  complete  the  works  w.thm  two  and 
onT-half  years.  Delay  was  occasioned,  chierty  by  the  financial  strmgency  of 
lS07  but  tenders  were  finally  called  in  August  of  that  year  for  the  con- 
struction of  the  plant.  No  contract  was  let  at  that  date,  but  m  the  fo^lowmg 
spring  work  was  commenccnl  on  the  spur  railway  connection  to  Lac  du 
BoZt  In  January  1909.  contracts  were  let  for  the  construction  of  the 
plant  and  the'  transmission  line,  and  later  in  the  year  for  other  neces^ry 
construction  and  equipment.  The  plant  was  completed  and  the  initial 
installation  placed  in  operation  in  October.  1911.  ^       ,, 

The  design  and  superintendence  of  the  development  was  entrusted  to  Mn 
C.  B.  Smith  in  the  autumn  of  1906,  and  was  by  him  personalb^  conck^cted 
until  November.  1908.  at  which  date  the  duties  were  assumed  by  Mr.  W  G 
Chace  as  partn;r  of  the  engineering  firm  of  Smith.  Kerry  and  Chace.  resulent 
n  W^nipJg.  There  were  engaged  as  a  Board  of  Consulting  Engineers,  co. 
H.  n!  Ruuan.  City  Engineer  of  Winnipeg;  Professor  Herdt,  of  McGill  t,nl^er- 
sity.  and  William  Kennedy,  jr.,  of  Montreal. 

SCHEME    OK   DEVELOPMENT. 

The  Point  du  Bois  falls  are  located  75  miles  in  a  direct  line  from  Winnipeg, 

in  Jt^onsT  township  15.  range  14.  east  principal  meridian,  and  22  miles  from 

he  nc^'st  r;i  way  connection.     This  is  at  the  village  of  Lac  du  Bonnet,  referrc. 

o  aWe      The  spur  line,  or  city  tramway  as  it  has  since  been  called,  is  of 

tand^rd  gauge  construction,  and  crosses  the  main  river  ^V  means  of  a  wj>oden 

truss  bridge  at  a  point  2  miles  below  Lac  du  Bonnet  station.     A  steel  bridge 

carL  the  line  across  the  Pinawa  channel.  4>^  miles  below  the  plant  of  the 

Winnipeg  Electric  Railway  Company. 

At  the  Point  du  Bois  falls  the  river  pitches  rather  abruptly  over  two  nat-jnU 
rock  barriers    which,  together  with  the  smaller  drops,  rapids    and  disturlx.d 
water    give  under  natural  conditions,  a  normal  30-foot  drop  in  a  distance  o 
r£ut  1  4oS  feet.     The  narrowest  point  of  the  river  channel  is  at  the  crest  of 
the  falls     This  location  was  selected  as  the  site  of  the  dam. 

The  layout  is  shown  on  plate  32.     The  dam  spanning  the  main  channe 
of  the  riveTis  a  rock-fill  structure  with  crest  at  elevation     14.  cty  datum^o 
983  1  Water  Power  Survey  datum.'     This  section  is  700  feet  long  and  at  present 
L    not    waerSht:    it   can    be    made    so    without    much    difficulty    when 
occasion  demands.     At  present  the  load  carried  has  not  reached   the  point 
at  which  the  full  minimum  flow  of  the  river  is  required. 

1  7og.l  Water  Power  datum  =  0  0  dty  datum. 


Winnipeg  River.    Point  du  Bois  Falls.     Showing  Dam  of  City  of  Winnipeg  Power  Plant   in 

distance. 


City  of  WinnijK'i;  Municipal  I'laiit,  Mudil  of  Plant. 
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At  the  western  end  of  the  rock-fill  section,  the  fishway  and  log  slide  have 
been  located.  To  the  west  of  this  again,  and  crossing  a  bedrock  island,  is  550 
feet  of  free  concrete  spillway  with  crest  at  elevation  975-7,  connecting  with 

the  main  shore. 

Plate  32. 


/rea  of  Reierwir  1  Square  Hiki 


c:><P^.^O 


i  III  ,6013 
^-arsm.Si.or?  I, res 


Plan  of  Layout  of  City  of  Winnipeg  Plant,  Point  du  Bois,  \Vinni|K>K  River. 
Elevations  given  to  City   Daaim.      Zero  of  City   Datum  =  7691  Water 
Power  Survey  Datum. 

A  second  section  of  spillway,  480  feet  in  leng:h  with  crest  at  975-7,  spans 
a  slight  depression  a  short  distana>  to  the  west  of  the  main  dam,  while  a  thirtl 
section,  245  feet  in  length,  forms  part  of  the  canal  wall  ir.^mediatcly  above 
the  intake.  The  pond  created  is  about  6,500  acres  in  extent,  and  fl(X)ds  the 
river  back  as  far  as  Lamprey  falls,  about  7  miles  above. 

FOREBAY. 

A  forebay  canal  on  the  western  side  of  the  river,  1,600  feet  in  length, 
convejs  the  water  from  the  pond  to  the  power  station.  This  canal  is  formed 
partially  by  excavation  and  partially  by  means  of  a  retaining  river  wall  (plate 
35)  with  top  at  elevation  981  1.  Two  hundred  and  twenty-five  feet  of  this 
wall  acts  as  a  free  spillway,  with  crest  at  975  -  7.  The  forebay  has  been  excavated 
to  959-1,  wherever  necessary  to  provide  sufficient  section. 

The  entrance  to  the  forebay  canal  is  guarded  by  a  control  dam,  regulated 
by  twelve  17-foot  stoplog  sluices,  sills  at  959-1. 


POWKR    STATION. 


The  complettnl  power  station  (see  plates  34  and  35)  will  be  442  feel  in 
length,  and  will  provide  for  seventeen  bays.    At  present  the  nine  bays  adjacent 
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to  the  river  have  been  completely  constructed,  together  with  the  headworks, 
rack  suijports,  and  the  upstream  half  of  the  wheel  pits  for  the  remaining  eight. 
The  insertion  of  stojilogs  above  the  wheel-pit  entrance  makes  this  section  of  the 
]K>wer  station  a  provisional  dam  until  such  time  as  the  market  conditions 
demand  the  completion  of  the  plant.  The  finished  section  of  the  building  is 
105  feet  in  width  from  the  nose  of  the  entrance  piers  to  the  exit  from  the 
draught  tubes.  The  highest  point  of  the  roof  is  at  elevaticm  1,01.? -3,  or  about 
62  feel  above  the  centre  line  of  the  turbines. 

The  building  is  constructed  of  concrete  and  steel,  and  is  founded  directly 
on  the  natural  granite  which  is  found  practically  im  the  surface  over  the  entire 


City  ol  Winnipeg  Municipal  Plant,  Power  Station. 


site.     The  \>heel   pits,  galleries,  and  roofs  arc  of  reinforced  concrete,  while  the 
main  walls  are  of  plain  concrete. 

The  gate  rot)m,  M  fe<.-t  in  width,  running  along  the  upstream  side  of  the 
power-house,  has  its  floor  at  elevation  783- 1,  and  provides  jirotecticm  tor  the 
handling  of  the  screens,  and  the  operation  of  the  stoplogs  an<l  the  emergency 
gates  with  which  each  unit  is  provided.  Such  protection  is  very  necessary  during 
the  severe  winter  conditions  prevalent  in  this  latitude.  The  gate  room  is  sup- 
porteil  on  concrete  piers,  14  feel  centre  to  centre,  which  jiiers  also  sujiporl  the 
stoplogs  and  gates. 

An  upward  sloping,  strongly  supjxjrted,  reinforced  concrete  apron  floors 
the  bays  between  the  piers,  and  forms  the  foundation  for  the  screens,  witli  their 
supporting  struts,  and  for  the  gate  and  stuplug  sills.  This  ajiron  is  designed 
to  gradually  increase  the  velocity  of  the  water  and  to  prevent  the  abrupt  change 
which  would  otherwise  take  place  at  the  entrance  to  the  wheel   pit.      This 
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entrance  is  16  feet  by  20  feet  clear.  The  head  gates  are  lifted  by  means  of  vertical 
screw  shafts,  40  feet  long,  which  rise  through  motor-driven  nuts  placed  in  the 
gate  motor  room.  Each  lifting  motor  o])erates  any  one  of  four  gates.  Stoplog 
gains  are  placed  upstream  from  the  gates. 

Above  the  wheel  pit  is  the  turbine  room,  with  floor  at  elevation  983-1. 
This  is  fitted  with  a  20-ton  electric  travelling  crane  of  29  feet  span,  with  which 
the   turbine    parts   can    be    readily    handled.       The   wheel    pits   are   elliptical 
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City  of  Winnipeg  Municipal  Plant,  Headgate  Room. 


in  plan,  with  floor  at  elevation  94.V6.  The  double-runner  horizontal  turbine 
unit  is  planed  with  centre  line  at  elevation  951-5.  the  discharge  from  the  runners 
taking  place  axially  into  a  common  draught  chest,  and  thence  through  a  concri'te 
moulded  drau;;hl  tube  into  the  tail-race  below  the  generator  room,  all  changes 
of  direction  of  How  beiir,;  gradual  and  smooth.  The  water  seal  of  the  draught 
tui)e  is  at  elevation  925- 1. 

The  generator  room  is  36|  feet  in  wkllh,  and  51  feet  in  height,  with  lloor 
at  elevation  946- 1.  It  is  fitted  with  a  40-ton  electric  travelling  crane.  The 
transformer  room  is  inimediateh-  downstream  from  the  generator  room,  with 
floor  at  the  same  i,-!<-v;itinn. 
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INSTALLATION. 


The  original  installation,  rompluted  in  April.  l')t.1,  consistoil  of  live  units. 
Each  of  these  original  hydraulic  units  consists  if  a  doulilc-runner  turbine  of 
5,200  horse-ix)\ver,  which,  oixrating  under  a  45-fcM)t  head,  passes  1,250  cubic 
feet  of  water  jn-r  second.     The  turbines  o]H'rate  at  164  revolutions  per  minute, 


n  ATK    V^ 


20   a 


Siclinii     of    Retaining     D.im,    (  iiy     of 

Winiiipij;  I'laiit,  I'uiiit  ilu  IJoi», 

W'innip*'^  ri\'L'r. 

EliAations    y'vi'ii   to  City    D.itmn.    /en. 

of    City    Datum  =  7()'M    \V.it(.r 

I'owrr   Siirvoy   Datum. 

and  have  a  guaranteed  efficiency  of  84  per  cent  at  full  load.  They  ..ere  supplied 
by  Messrs.  Jens,  Orlen-Bovmg  &  ("onipany,  London.  Tlie  turbines  have  at 
times  develojied  5,900  horse-i>o\vcr  per  unit,  but  this  is  above  their  eflective 
rating. 

The  turbine  units  are  direct  connected  to  3,000-kil()W.itt  generators,  which 
gener.Ue  three-phase  current  at  60  c>cles  and  6,600  \(ilts,  and  which  are  of 
standard  horizontal  shaft,  rotating  field  type.  The  machines  were  supplied 
by  Messrs.  V'ickers,  Liinito'    of  River  Don  works,  Shellfuld. 

The  original  machini  -tallation  was  comi)leted  by  two  exciter  units,  each 
of  250-kilowatt  capacity,  d  driven  by  water  turbines  running  at  500  revolu- 
tions per  minute.  The  Iran  formers  ;.re  of  oil-immersed  water-cooled  t\i)e, 
and  are  situated  in  indeiiendeiit  concrete  compartments,  delivering  the  power 
at  66,000  Milts  for  transmission  to  Winnipeg. 

In  the  year  1<>14,  three  additional  main  turbine  imits  of  different  design 
to  the  original  units  were  installed.  These  units  are  {)f  the  double-runner, 
horizontal-shafi  tyi)e,  but  are  of  larger  capacity  than  the  inital  units.  (Mcial 
tests  give  an  output  of  7,220  brake  horse-power  at  80  per  cent  g.ite  opening 
and  4t>-linil  iiioti,  or  .-^ay  7,800  horse-poT.xr  at  45  feet.  Tin;  new  turbines  are 
direct  t-onnected  to  5,000-k.v.a.  Westinghouse  generators,  three  phase,  6,600 
volts,  oM  cycles,  revolving  fields. 
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The  I'ffiTtive  turbine  installation  to  date  of  writing  consists  of  ilic  IIm- 
initial  units  ol  5,200  horse- powiT  cacii,  and  three  additional  iniits  of  7,000 
h()rse-|)o\ver  each,  or  a  total  of  47,000  horse-|M)wer. 

Assuming  th.it  the  eight  bays  in  the  uneoni|)leted  section  of  the  ixiwer 
station  are  C(iuii)|)ed  with  units  of  simitar  out|)ut  to  these  last  in^l.ilKd,  will 
give  to  the  si.iiion  a  total  \\atir-\\  heel  capacity  of  10,?, 000  horse- jiowcr.  with 
some  considerable  additional  o\erlr)ad  cap.icity. 
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Stclion  of  Power  Slation,  ("ity  o(  Winnipeg  Plant,  Pcjint  du  Bcpjs,  Wirinipon  Wiver. 
Kltvations  ^\\\.\\  to  City  D.itiini. 
Zero  of  City  Datum   =  7()'>   1  Water  i    >wer  Siir\-ey  ILitiiin. 

HKAD    AVAILABLE. 

While  the  headwater  elevation  of  the  city  jilant  can  to  a  certain  I'Ment  be 
regulated  by  the  control  dam  at  the  head  of  the  canal,  at  least  to  the  end  of 
keeping  the  level  down  in  times  of  extreme  flood  should  the  same  be  desiralile 
or  necessary,  the  river  walls  and  dams  have  been  designed  .'^  '^ree  s])ilKva\  s 
which  results  in  an  .lutomalic  change  in  the  pond  level  •  tesr,  aiding  to  the 
changes  in  the  river  stage.  Fnder  present  conditions,  i  ,■  tail  .tier  of  the 
plant  is  subject  to  similar  changes  from  the  natural  control  al  '.ight  Fool  falls. 
The  net  result  is  that  the  hcatl  varies  at  different  seasons.  The  nnrni.il  Itead 
is  45  feet. 

TRANSMISSIOX    AND   D!«TR!BUTK)N. 


The  transmission  line  is  built   over  a   municipally  owned    rigiit   of   way, 
100  feet  wide.     It  is  77  miles  in  length,  and  traverses  a  varied  countr\,   the 
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eastern  section  being  typically  Laurentian  rock,  muskeg,  anti  scattered  areas 
of  arable  soil,  the  western  section  crossing  a  prairie  and  farming  country, 
several  miles  of  which  are  closely  wooded.  Two  lines  of  double-circuit  towers 
and  a  separate  telephone  line  arc  to  occupy  this  right  of  way.  Up  to  the 
present  one  line  only  has  been  built.  The  first  transmission  circuit  was  placed 
in  operation  in  October,  1911;  the  second  circuit  was  erected  on  the  existing 
line  in  1914,  bringing  up   the  transmission   capacity   to  35,000   horse-ix)wcr. 


Winnipeg  River.     Ciiy  of  Winiiiiiog  Development,     (knprator  Room. 

Steps  arc  being  taken  tow.  •  the  construction  of  the  second  line,  the 
necessary  funds  having  alrea  '  been  voted  by  the  ratepayers.  A  12-foot 
patrol  road  also  occupies  the  rigiit  of  way. 

The  line  is  supported  by  steel  towers  set  on  Luncreie  foundations,  bearing 
two  three-phase  aluminum  circisits,  the  wires  of  which  are  at  6-foot  centres. 
The  towers  are  of  two  general  types,  braced  and  flexible,  42  feet  high,  and 
spaced  generally  1,200  feet  apart. 
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The  three-phase,  60-rycle,  6,600-volt  current  (lelivere<l  by  tlie  generators  is 
transforniwl  up  to  66,000  volts,  and  delivere<l  to  the  terminal  station  located 
on  the  river  front  on  Point  Donulas.  The  pressure  is  here  stepixnl  down  to 
12,000  volts  for  distribution  to  sub-stations  in  lead  rovercd  cables  laid  in  con- 
duits. Three  sub-stations  are  now  in  use  in  the  city,  and  one  in  Transcona, 
a  town  of  2,500  population,  7  miles  east  of  Winnipeg. 

Distribution  to  consumers  from  the  sub-stations  is  by  undcrgroutul  conduits 
in  the  principal  down-town  streets,  and  by  overhead  lines  on  w(j<k1  jioles  in  all 
other  localities. 

Direct  current  power  is  distributed  in  the  business  portion  of  the  city 
mainly  for  operating  elevators.  Alternating  current  ff)r  both  fK)wer  an<l 
lighting  is  available  at  all  parts  of  the  distribution  system. 

opi;r.\tion. 

A  pond  area  of  some  6,500  acres  which  has  been  created  above  the  plant 
has  had  the  Ix'neficial  effect  of  protecting  the  station  from  ice  troubles.  The 
water  is  drawn  from  this  pond  into  a  head-race  of  such  dimensions  as  to  main- 
tain a  quiet  and  undisturbed  current  to  the  power-house,  and  it  finally  passes 
into  the  turbines  with  a  minimum  of  disturbance.  A  free  discharge  from,  and 
open  water  Inflow  the  station  prevents  any  choking  of  the  tail-race,  and  no  ice 
troubles  have  been  experienced  in  the  operation  of  the  plant  since  its  completion 
in  1911. 

FLOW    REQIIRKD. 

The  station,  with  its  present  eight  units  in  full  operation,  requires  a  flow 
of  some  11,000  cubic  feet  per  second,  or  practically  the  minimum  flow  of  the 
river  under  present  conditions.  The  eight  additional  units  in  the  uncompleted 
section  of  the  station  will,  if  of  the  same  cap.icity  as  the  three  units  just  installed, 
require  some  13,000  cubic  feet  per  second,  or  24,000  cubic  feet  per  seconil  for 
the  entire  plant. 

POWER. 


The  Point  du  Bois  plant  can  draw  on  the  entire  flow  of  the  Winnipeg  river, 
and  a  discussion  covering  its  power  capacities  must  keep  this  constantly  in 
view.  At  the  time  the  plant  was  projected  the  lowest  recordetl  flow  of  the 
Winnipeg  river  was  16,000  second-feet.  The  design  of  the  plant  was  based 
upon  this  flow  combined  with  local  pondage  and  load  considerations.  At  75 
per  cent  efficiency,  and  with  a  45-foot  head,  the  24-hour  power  available  on 
this  basis  was  61,400  horse-power.  The  actual  capacity  for  which  the  plant 
was  designed  is  48,000  k.w.  in  generators,  driven  by  turbines  of  maximum 
capacity  of  83,200  horse-power,  an  output  well  within  reason  for  the  site  and 
conditions. 

Since  the  plant  has  been  constructed,  river  measurements  have  recorded 
discharges  as  low  as  11,700  second-feet.  Throughout  this  report  the  minimum 
flow  is  taken  at  12,000  second-feet,  or  just  three-quarters  of  the  previously 
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a>nsi(liTetJ  low  flow,  WVrc  this  coixlition  without  romwly,  it  would  ap|KMr 
that  thi'  tity  plant,  wlu'ti  (onipU'ii'd,  woul<l  \k'  ovfr«!i'Vflo|x'<l,  >iiicc  12, (MM) 
,sft<)ii(l-fifl  will  only  ^iil>pl>  -t'),l*M)  24-iiour  |)<)Wf.T.  in  p  ui  of  tlir  01,4<H)  horsc'- 
fM)Wfr  previously  aNKunutl. 

Ki'Kulation  <>f  ihf  rivvr  (low  provides  a  ready  and  feasible  remedy  for  this 
loiidiiioii.  A  (trtain  ni'Msure  of  regiil.ition  is  .it  present  niaint.iine<l 
in  the  Lake  of  the  \V<H(<is,  ,tnd  this  has  very  ni.iteri.iily  i(«-nelite<l  the  river 
tlow  past  the  Point  du  Hois  pi, int.  A  more  system. iiic  renul.ition  l>ase<|  on  the 
nni-olT  d.ua  now  a\ailal>le,  and  rarrii'<l  <tn  in  the  interests  of  ail  the  powers 
on  tiu-  \\'iMni[x'«  ri\er  Ih'Iow  the  like,  inl•lndin^J  those  at  the  outlets  of  tin- 
lake.  Would  \aslly  Ix-ller  the  l<»w  winter  llows  now  to  Ik-  »-x|H'(le<l. 

The  r.ipid  growth  of  the  |K)wer  mark»t,  as  is  (^^{lenced  liy  tin-  three  aildi- 
tion.il  iniils  jusi  installed,  following  the  placing  in  o(H'ration  of  the  lir^l  units 
bareK  three  \e.irs  a);o,  emph.i>i/t's  the  f.ut  th.it  the  (pieslion  of  riniiialion  i- 
of  iniMiedi.ile  lonrern. 

I'l.ite  M)  illustrates  in  a  power-iHTientago  of  time  i  ur\e,  the  continuous 
J4-h()ur  power  .uailabU'  on  a  75  \kt  rent  eftieienty  basis. 

niMiKiAi.  i:m-i;<t  oi    Ri;(iii..\Tio\. 
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Throughout  this  rejiort,  the  calculations  for  the  |M»wer  available  at  the 
loc.ited  sites  ha\ I- been  based  on  an  initial  installation  capable  of  utili/iiiK  fully 
the  minimum  How  of  12,IMM)  second-feet,  and  a  final  installation  which  will 
ulili/e  a  reRulated  flow  of  2(t.ft(M)  second-feet.  In  chapter  IV  the  (luestion  of 
re^julating  the  river  with  a  \iew  to  increasing  the  mininiutn  tlow  is  discussi'd. 
The  mean  flow  for  the  eight  years  fn-m  19<)7  to  1914,  inclusive,  has  In-en  25, .?7,? 
second-feet.  It  is  entirely  feasible  to  so  control  the  run-olT  that  the  low  flow 
will  ne\er  fall  1k4ow  20,(M)(I  second-feel,  providing  suiH-rvised  control  of  the 
entire  basin  is  maintainiKl  by  some  pro]H'rly  constituted  aulhoritv'.  While 
,''((,()()()  is  taken  as  the  low  regulate<l  tlow,  there  is  at  certain  seasons  a  very 
great  surplus  available  over  and  above  this. 

With  20, (MM)  second-feet  under  a  45-f()ot  head  and  at  75  |)er  cent  efficiency, 
76,8(M)  24-)u>ur  power  is  available.  With  the  advantages  of  a  (),5(M)-,icre  pond 
for  the  [K-ak  load  use,  the  actual  |X)wer  available  for  distribution  and  sale  in  a 
ni.irket  such  as  is  s(-rve<l  by  this  plant  is  greatlv-  in  excess  of  this.  The  pondage 
facilities  would  readilv  pi'rmit  a  peak  load  development  of  125, (MM)  horse-power. 
A  four-hour  peak  of  125, (MM)  horse-jxjwer  would  draw  on  the  local  p(»ndage 
to  the  extent  of  0-6  foot  only. 

A  regulation  of  the  river  to  a  20,000  second-foot  minimum,  will  therefore 
give  to  this  site  a  considerably  larger  measure  of  dependable  (Kiwer  than  was 
contemplated  in  the  design  of  the  |)resent  jiower  station,  and  will  vastly  better 
the  power  capacity  as  de[X'ndent  on  the  present  known  minimum  of  12,0(X) 
second-feet. 

The  general  results  of  the  above  two  limiting  low  flows  are  sumniarize<l  as 
follows. 

Under  present  conditions  of  river  flow,  with  a  known  minimum  of  12,000 
second-feet,    the  dependable  power  available  is  46,100  24-hour  power.     The 
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dcv»-li)pment    nf    tlus    jwiwrr    uill    rt-tiuire    only    nine    of    ihi'    mxtwn    uniw 
provicii^l   f«»r  in   thf   |miwit  sialion.      '\'\w  (Icvtiopmont   o(    the  RixU-en   unit* 
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will,  under  prc-H-nt  r<-.t.<!iti<>ns  of  riv.T  Hi-.-.-liarK't'.  nt-n-s^itate  a  <tcam  auxiliary 
plant  in  the  city  to  ensure  deiRiuialile  power  during  the  low-water  season. 

With  a  miniinnni  How  of  2(),()()()  second-feet,  the  power  available  will  be 
76,800   24-hour   povvcr,    with   a   peak   load    caiwcity   of    125,000   horse-power 
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The  devetupmcnt  o(  this  puwi-r  will  ri-<|Uire  the  full  utilizatiun  of  tli«  Point  du 
Bois  power  station. 

It  is  apfiarent  from  the  above  that  the  queittion  of  river  regulation  is  oi 
vital  interest  to  the  future  of  the  municipal  (xmer  undertaking. 

Otiikr  Dkvkiopmknts  in  -"HE  Basin. 

While  the  :wo  developments  of  tl'e  WinniiK-g  Street  Railway  and  the  city 
ot  H'inni|K'g,  re.sfjectiveiy,  constitute  the  only  hy*iro-electric  plants  in  operation 
on  the  \\'inni|)eg  river  in  Manitoba,  other  undertakings  in  the  up|R'r  jH)rtion 
of  the  Uisin  must  be  referretl  to  in  order  to  [)roperly  understand  and  htudy  the 
general  run-ofi  conditions  and  their  relation  to  storage.  To  this  end  a  brief 
description  of  the  more  im|K)rt.ittt  plants,  power-using  industries,  and  r^ntrol 
structures  is  a|)rM.>nded. 

MUNICIPAL    POWHR    PLANT  OK    KlNORA. 

In  tbe  year  1892  certain  citizens  of  Kenora,  after  considerable  investiga- 
tion, unilert(x>k  the  construction  of  a  small  hydro-electric  plant  on  the  eastern 
ouiUl  fri)m  the  Lake  of  the  W'ixkIs.  Natural  conditions  at  tii.  outlets  from  the 
!  k'  ('  :il(l  not  l)e  l;K;ttered  for  the  construction  of  economic  iuw-hea<l  plants. 
IIk  re  is  an  abrupt  drop  of  from  18  to  20  feet  Ijetween  tlu'  lake  li'\el  and  tb.>  river 
ii<-l(»\v  which  drop  can  be  rea<lily  tIeveioiKMl  at  several  different  locations.  Adcletl 
:o  this  arc  the  almost  uni.(|U.il!f<i  pondage  and  storage  facilities  afforded  by  the 
Like  wliicti  forms  the  direct  head-water  reservoir.  The  eastern  outlet  offered 
fi.irticul.irly  inviting  londitions  for  |)owt'r-<levelopment.  Tlie  waters  discharged 
tlirough  a  narrow  anil  somcwiiat  winding  channel,  with  an  abrupt  anil 
c(incentrate<l  flrop  at  the  narruncr^t  jxjint  formerly  known  as  the  Ka-ka-l)e- 
kitchcwan  falls. 

;..  I  "  in  operation  in  1892  from  designs  by 
.  i..  'T  or  of  \Vinni[)eg,  was  not  intende<l  to 
Mit';i,  A  head-race  i>artly  in  excavation 
li  !  •  .  l)out  10  feet  by  10  leet  in  section, 
.  ::  cri  the  righf:  bank  to  the  frame  |xjwer 
.■  ,»'.  i..ji;'rgc  from  the  turbines  was  protectetl 
tie  ripid  water  below  the  falls.  The  first 
installation  consistetl  of  one  66-ii,cii  sfvcial  Samp.son  vertical  turbine,  ratcni  on  a 
17-foot  head  at  279  horse-iKiwer,  85  revolutions  per  minute,  and  170  cubic  feet 
per  second . 

In  the  following  year  a  new  penstock  was  constructed,  and  in  1894  a  second 
turbine  was  installed.  This  wheel  was  a  Standard  V^ertical  Sampson,  rated  on  a 
17-foot  head  at  245  horse-power,  85  revolutions  per  minute,  and  151  cubic  feet  per 
second.  The  head-race  was  enlarged  to  20  feet  total  width.  In  1896  or 
1897  a  third  turbine  w.is  installe<l,  being  a  62-inch  vertical  turbine  of  the 
"Boss"   t>  jjc,  and  buili  '-y  tlic  Williani  Hainiiti;i!  Maiiufacluriiii^  Coiiipaiiv. 

In  the  year  1902,  the  mimicipal  authorities  considere<l  the  question  of  further 
enlarging  the  capacity  of  tht'  plant  to  utilize  the  entire  flow  through  the  channel, 
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fol.  H.  X.  Kiittan,  afterwu' 
utilize  the  entire  flow  th-  ■  '.;!s 
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carried  the  water  froni  al'    > 
station  located  lielow  the  pit-h 
by  a  wing  dam  from  the  efJc; 
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and  i-ngiiKwl  the  enninwrifiK  firm  of  T.  Prinnk'  <S:  Sons  to  rc'iM)rt  on  tin-  |)r()|)osi<l 
(U'Vflopnifnt,  tin-  powiT  to  Ik-  Sfcnred,  and  tlu'  cost  of  the  works.  Lrt^al 
cnl  niKli-nu-nts  in  connection  witli  tlu-  land  n'(|uircd  on  liu'  li-fl  shore  for  tliis 
new  construction  deia\ed  o|K'rati<>ns  until  \W().  In  April  of  this  \ear  actual  con- 
struction work  was  commenced,  hasi-d  on  jilans  furnished  by  I'rintjle  iS:  Sons, 
under  whose  super\ision  the  develojiment  work  was  carrit'<l  on.  The  old  power 
st.ition  and  tlmne  was  renio\i-d,  and  on  i'ebruaiy  "'  of  the  following  >e,ir  the 
new  plant  w.is  |)lace<l  in  o|K'ration  li)late  M ).  The  installation  at  the  openiiiK 
was  as  follows:    - 

Three  4()-inch  Sampson  twin  horizontal  tiirliines  direct  connected 
to  Kcnerators,  .md  supplied  liy  the  William  M.unilton  .Manulactiiriiig 
Company.      Inits ')()()  horse-power  e.ich  (m.iiuifacturers'  rating). 

■|"wo  ,?()-in(h  Sampson  twin  horizontal  tiirliines  connectj'd  to  exciter 
units,  an<l  siipplie<l  l)\  the  W'illi.im  Hamilton  Mainifacturinn  ("omi)any. 

Three  f)25-k.w.  nener.itors,  three-phasi-,  2,400  volts,  60  c>cle,  l.'^O 
ri'Mihitions  per  minute. 

Two  exciters.  120  Milts,  17.S  re\olutions  ]H'r  miiuite. 
In  the  >t'ar  I')1.<  a  fourth  900  horsi-!M)wer  unit  was  installed,  consistiii); 
of  oni-  40-inch  S.impson  twin  horiz<int.d  turliine  siipplii'd  hy  the  William 
Il.imilton  Coinpanv',  direct  coimected  to  .i  f)2.S-k.w.  ^jener.ilor,  three-phas", 
t)0  cvcli-,  \M)  rexohitions  per  minute,  2,400  \<>l(s.  The  no\»'rnor  inst,dlation 
consists  of  three  Indr.iiilic  l.onili.inl  t\|H"  N,  and  oni-  lu'draulic  .Mils 
Chalmers  type  C.  governors,  with  two  mechanical  Wo(Mlwar«l  Compens.iiiiiJL; 
^;o\i'rnors  on  the  exciter  tiirliines. 

The  power-housi',  which  comliines  in  itself  the  dam,  is  designed  for  >ix  m.iin 
units,  and  spans  the  entire  channel,  with  the  exception  of  .i  small  spact'  lell  lor 
,1  lo^;  slide  immediateh-  adj.icent  to  the  left  hank.  The  sulistructnre  is  of  mass 
concrete,  .nid  consists  of  a  series  of  six  arched  l)a\s  forming'  the  t.iit-races  ol 
the  respeclivf  main  units,  and  two  less4T  arche<l  lia\s  in  the  c<-ntre  pnisidini; 
for  the  e\(  iter  units.  I  lie  t.iil-wat<r  in  these  lia\  s  is  maintaineil  aliove  elex.ition 
7(i  II.'  the  w.iliT  seal  of  the  <ir.iunht  tuhi's,  li\'  a  suhmerniil  weir  constructed 
.icmss  the  i.iil-r.iic.  The  n*'nerator  and  turiiine  lloor  i'-  at  elevation  SO-.SO,  with 
liie  cenlri'  line  of  liie  machiners  sliaft  at  SX-8,?.  The  j;enerat<ir  room  is  ,V^  feel 
liy  t.'i.S  left,  allowing  22  feet,  centre  to  celitn-,  for  the  main  units.  Il  is  i,\  lirick 
conslruclion  and  is  covered  with  a  peaked  truss  roof.  The  turhine  i  h,imlier> 
,ire  coxered  witii  a  .'i-inch  concrete  roof  which  acts  as  a  lloor  or  pl.iiform  Ki^'"K 
re.idv  .!(  ce-s  to  ihe  head  ^;.ites. 

The  iiillow  lo  the  tiirliines  is  cnntrolle<l  li\-  haiid-<i|K'raled  K'''cs.  with 
slophig  .iiixili,n\  .ipp.ir.iliis  lor  use  if  neces>.ir\'.  liie  r.icks,  con>isliii,i;  nt  ihe 
rejiul.itioii  li.ir  iron  siip|Mirted  on  I.S-inch  I-he.ims.  rest  on  solid  corurele  sills, 
liiiilt  up  from  the  In-drock,  immediately  aliove  the  he.id  g.ites. 

Records  of  the  load  carried  liy  the  plant  h.i\e  lieen  kept  sjiur  .\ii;;iisi  21, 
1''07.  ,ii  whii  h  lime  the  tot.il  load  was  about  11.^  k.w.  This  im  re.ised  to  .i 
pe,ik  of  iie,ul\  000  k.w.  during  the  tollowing  winter.  Siiiic  ( miunenriiin  o|Mr.i- 
tions  tile  lo.id  li.is  siiown  ,i  steady  gniwih  reaching;  .is  iiigh  .is  1,7lH)  k.w.      I  hi- 

'  .\n  alt>ut.ir\   'l.iliiin  ol  Um  (l  li.is  Im-.  ti  u^i-i  in  tli,-  .finstiH' tmli  of  lii.'  |..»wi  him>i-    .ml  tin-  f.>t.ilili,tuiirn 
Iht'  K.iUKf^      /'til  lit  til.    kfti.M.i  p-iw.-i  hull-'  'Lililiii  11  '".1    12  W.ili-i   P,,.\.-i  Siui.-v  't  itutn. 
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average  loiid  carried  is  in  the  neighbourhood  of  1,300  k.w.     The  [wwer  is  used 
in  Kenora,  Norman,  and  Keewatin  for  both  lighting  and  industrial  purposes. 

No  difficulty  is  experienced  from  ice  troubles  in  the  operation  of  this  plant. 
The  only  condition  which  might  lead  to  trouble  in  this  connection  would  he 
abnormally  low  water  in  the  lake  during  the  winter  season,  under  which  circums- 
tances the  disturl)ed  water  and  rapid  current  in  the  head-race  might  have  a 
tendency  to  form  frazil  ice.  During  the  summer  of  1911,  very  low  water  in  the 
lake  reacted  adversely  on  the  Ofwration  of  the  plant.  Elevation  93-7  was 
recorded  in  the  head-race,  due  largely  to  the  fact  that  the  low  lake  U-vel  luid 
reduced  the  section  of  the  head-race,  with  the  result  that  a  very  ra{>i')  current 
developeti  with  a  con.sequent  drop  in  the  surface  level.  These  conditions 
resulted  from  imperfect  regulation,  and  were  not  due  to  lack  of  run-off, 
since  during  the  entire  period  somt  2,000  seror*d-feet  wore  In-ing  wasted 
at  the  Norman  dam  on  the  western  outlet.  The  condition  could  also  have 
l)een  rcmetlied  by  dee|M'nini{  <he  head-race. 

i..\KK  OF  Tin:  woof)s  Mii.i.iw.  company's  Mil  is  .\t  kkkw.atin. 

At  the  town  of  Keewatin,  l>i  mile  west  of  Kenora,  excellent  natural  facilities 
exist  for  otonomic  development.  At  this  place  the  waters  of  Portage  bay, 
an  arm  of  Lake  of  the  Woods,  lie  within  .SOO  feet  of,  and  some  20  feet  above,  a 
quiet  reach  of  the  WiniiiiK'g  river,  and  are  sei)arated  therefrom  by  a  rock  ridge. 
The  head-  and  tailwater  conditions  are  similar  to  those  existing  at  the  Kenora 
power-house. 

The  first  cut  through  the  rock  ridge  was  made  in  1881  by  a  man  named 
McAulay,  the  power  develojietl  Ix-ing  used  for  the  operation  of  a  saw-mill.  In 
the  following  year,  this  power  site  became  the  profx-rty  of  Dick  and  Banning, 
and  was  use<l  for  saw-mill  purposes  until  the  year  1893.  from  this  date,  the 
flume  was  closixl  until  1899,  when  it  was  <»i)erated  for  two  years  by  the  Ottawa 
Gold  Mining  and  Re<luction  Company,  which  acquired  rights  to  the  same  in 
1898.  In  1900  the  tlume  was  again  closed.  In  1905  the  site  was  acquired  by  the 
Keewatin  Flour  Milling  Company,  and  the  flume  is  stated  to  have  been  nearly 
doubled  in  si/e.  The  Keewatin  P'lour  Milling  Company  was  purchased  by  the 
Lake  of  the  VVo(k1s  Milling  Company  in  1906,  and  in  May,  1907,  the  present 
mill,  namwl  mill  "C,"  was  put  in  operation.  From  1907  to  the  present  tlu"  mill 
has  l)een  in  continuous  operation. 

The  installation  of  mill  "C"  consists  of  two  56-inch  twin  horizontal  turbines 
at  900  horse-power  (manufacturers'  rating),  each  at  20-foot  head,  and  supplied 
by  the  William  Hamilton  Company.  These  two  wheels  are  direct  connected 
to  the  mill  by  rofx"  drive.  There  is  also  a  45-inch  twin  horizontal  turbine 
rated  at  600  horsi  power  at  20-foot  head,  supplied  by  the  William  Hamilton 
Company,  and  direct  connected  to  a  275-k.w.  Allis  Chalmers  generator.  This 
generator  is  an  auxiliar  ■,  and  is  only  used  in  case  of  a  breakdown  at  the 
electric  [X)wer-!iouse,  mill  "A."  The  gate  openings  for  the  56-inch  wheels 
are  oiK-rated  by  hand,  while  the  gfTiir.itor-connected  turbine  is  regulated  by 
an  automatic  Lombard  type  B  hydraulic  governor.     The  electric  (xjwer  is  used 
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for  ek'wiiors,  hoists,  etc.  The  working  load  of  the  mill  is  uniform  in  character 
and  of  24-hour  duration,  and  very  suitahle  for  direct  application  of  |)o\ver. 

Tiie  aserajje  [Kjwer  develo(x'<l  is  1,100  horse-|K)wer,  all  of  which  is  usi'd 
l>y  the  company.  No  tliflicult\'  has  l)een  e.\j)ericnced  in  oiieratinj;  the  mill, 
either   from  ice  troubles  oi  from  lack  of  water. 

The  second  cut  was  made  through  the  ridge  in  lcSS7  hy  the  Lake  of  the  Woods 
Milling  ("om[)any,  for  the  development  of  power  for  use  in  tlour  milling.  Mill 
"A"  was  constructed  in  connection  with  this  intake,  about  twenty  years  iK'forc 
mill  "(  ■'  v\as  place<i  in  o|K'raiion. 

The  |M>wer  installation  consists  of  two  p;iirs  of  60-inch  horizontal  turbines 
on  one  shaft,  it  2,400  horse-power,  (manufacturers'  rating),  an<l  siijiplicKl  by 
the  J.  M.  N'oith  Company,  an<l  one  22-iiKh  \ertical  turbine  rated  iit  95  horsc^- 
l)()wer  supplie<l  b\  the  Dayton  ("iIoIm'  Iron  Works.  The  al)f)\e  wheels  are  direct 
connected  to  tiie  mill  machinery  by  .s(|uare  rojK'  drive.  There  are  in  addition  two 
.<.?-inch  duplex  horizontal  turbines,  each  rated  at  .?6()  horse-jiower,  and  supi)lied 
by  William  Keiiiie<ly  X"  Son,  direct  connected  to  240-k.w.,  f)()0-\i>lt,  three- 
phase  gener.itors,  running  at  2(M)  revolutions  (K-r  minute,  siii)plied  b\'  the 
Canadian  C.ener.il  IClectric  Company.  A  further  ,?.?-inch  single  horizontal 
turbine  rated  .it  1K0  iiorsi'-power,  .md  supplied  by  Willian  Kennedv  &  Son,  is 
direct  coniiecti'd  to  a  tire  pump,  an<l  completes  the  installation.  .All  ratings 
.ire  gixen  for  a  20-foot  hea<l.  The  22-inch  wheel  is  used  to  drive  the  machine 
^hop  in  case  the  tlour  mill  is  closed  down,  while  the  generator  is  used  to  supply 
power  for  elevators,  hoists,  lighting,  etc.,  -'i'  lioth  mills.  Two  hydraulic 
Mrevette  goxernors  regul.ile  tiie  .?.S-inch  wheels  while  the  AO-inch  wiieels  are 
regul.ited  ii>'  hand. 

Tile  aver.ige  pnwer  develo|Tcd  is  1,200  horse-pi'wer,  all  of  which  is  used 
by  till'  coinpanv .  .No  ditficilltv'  from  ice  or  low-water  troubk's  has  been 
ixperienced  except  during  low  water  of  1911. 

Till.    NOKM.W    l>.\M. 

While  no  power  has  as  yet  been  developed  in  conjunction  with  thi-  Norman 
dam  on  the  wi'stern  outlet,  its  relation  io  the  storage  (|Uestion  in  the  L.ike  of  the 
Woods  is  of  primarx'  importance. 

I'rior  to  the  construction  of  thi-  Norman  <i.iTn,  a  tindier  ciain  had  been  built 
bv-  the  Dominion  C.overninent  for  regulation  purposes,  at  thj-  entrance  to  the 
wistern  channel.  Tiiis  dam  wa>  removed  by  blasting  by  liie  Onl.irio  Depart- 
ment of  I'liblic  Works,  in  the  \ear  1S<)<>.  In  the  \e.ir  1>S<>1,  the  Keew.ilin 
l.umlK'rand  Manufacturing  Company  entered  into  an  agrwmi'nt  with  the  Crown 
covering  the  conslriiclion  of  a  regulating  dam  combined  with  a  power-develop- 
ment iirojei  I  on  the  wesUTii  outlet,  .md  the  lollowing  year  a  preliminary  survfv 
w.ts  made  of  the  site  .md  a  report  of  the  proposed  <levelopmenl  secured  front 
Willi. im  Kenn<'(ly,  of  Montreal.  In  1<S<>,^  tiie  Kcevvatin  Power  Company  took 
liver  the  rights  and  oblig.itions  of  llie  former  comp.iny,  and  construction  of  the 
ilam  w.is  ((immencefl  acconling  to  plan--  and  designs  by  William  Kenwdy. 
Mr.  James  C.  Kenned\  acted  .is  resident  engineer  during  construction. 
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Tlu'  noiu-ral  dosiKn  of  ihc dam  (plate  .^H)  callttl  for  a  ivmral  i)ortion  comiMtsi-.l 
of  a  rock-fill,  madf  iiniK-rvioiis  1)\-  (k'iK>sitinK  Rradf*!  stone.  j;ravel,  and  liner 
materials  alonv;  the  upslream  side,  ahiilled  on  either  eiul  1)\  sIoiiIok  i  .unrolled 
retiiiialin^;  sliiiees  with  piers  ami  sills  of  }.;ranite  masonry,  and  joiniMl  to  either 
liank  l>v  |)<)wer  shiites,  also  stoploj;  controlled.  In  all.  there  are  t-i^ht  JI-Iikh 
power  sluices,  four  adjacent  to  either  liank  with  sills  at  elev.ition  l,()4()f>,  .iiid 
twelve  1,^  5-fooi  rcKiilatinj;  shiiies  with  sills  at  l,(M«-7  (W.iler  Power  ^iirve> 
datum).      In   i)l,iii    trie  rej^lllatinn  sluices  and   rock-till   section  .ire  .irclied   with 


Nnriii.iii  I). nil,  mull  r  (  iiii-lrui  li'iii. 


the  con\i\  side  iipstr<Mm.      .\   tisln\.i\    has  liei-ii  coiisiriicliij  .ii    the  ^outh  end 
of  the  ro(  K-till. 

Ideal  foundalion  conditions  e\islt'<l  in  the  form  ot  solid  i;r,mile,  |ir.iciic,dK 
(111  the  surf.ice  .iiid  rc.idilv  unw.ilered. 

The  construction  of  the  d.im  was  comineiK  td  in  No\einl"T.  lS')i.  .1  coltiT 
d.ini  luini;  hrst  built  from  ct-iitre  island  to  the  south  shore.      .M.i^onr\-  cuii^lriK 
tion  on  the  south  thime  aiul  regiilatiiii;  sluices  (Dninunced  the  tolliiwin^  M.irch 
During;  M.i\ .  the  north  tjiime  site  w.is  coffered,  and  cmstniction  on  the  northern 
sluices  commenced.      !?>■  OctoU'r  both   power  and   rcfiulatint;  sluices  li.id   been 
cumpKte<l.        In    December    the    colTerd.mis    weri'     remo\ed     ;md     work    w.i-^ 
commenced  on  the  rock-till.     This  was  completed  in  March,  1W,S.     The  timlnr 


170 


Department  of  the  Interior. 


» 


platform  on  the  piers,  and  the  inslallalion  of  the  track  and  winches  for  oi)eratiin{ 
the  stoplogs,  was  delayed  until  1H98,  although  a  few  logs  had  l)ein  placed  in  all 
the  sluices  in  1895.  In  N'oveniUr,  1898,  additional  stoplogs  were  placed  in  the 
<lani,  and  control  of  tiie  regulation  and  gauge  readings  was  taken  over  by  the 
Ontario  l)ei)artnient  of  Public  Works.  Due  to  the  faci  tli.it  no  power  develop- 
ment has  as  \et  been  undertaken  ■i\  citiijunclion  will)  ilie  dam,  no  delinite 
steps  have  been  taken  towards  making  ilie  rock-till  sedioii  impervious,  and 
Con^iderable  le.ik.igc  takes  place  at   all  stM>nti>. 


,\*trnian  1  >,imi. 


Tlie  NornKin  dam  i^  the  controlling  structure  in  conncitioii  willi  tlie  regula- 
tion of  the  Lake  ol  the  Woods,  dlMU^sed  in  detail  in  cliai>ler  IV, 


.  r 

■:Jh 


rOKI     lltANCl^    l>\M    .\M>    I'oWI.K    I'l.ANIs. 

What  were  fornurly  known  a-,  the  Kooctiicliiiig  falls  arc  located  on  the 
Rainy  river,  about  2\  miles  below  Rainy  lake.  There  was  here  a  normal 
natural  drop  of  about  22  feet,  aed  the  site  offered  an  excellent  opjxirlunity  for 
successful  hydro-electric  develojiinent.  Its  attributes  in  this  resjiect  were 
early  recugiii/.ed  by  the  settlors  resi<ling  in  the  vicinity  on  both  sides  of  the 
river,  but  no  steps  were  taken  towards  active  construction  until  earh'  in  1904. 
In  this  year  au  .igreement  was  entered  into  between  the  Ontario  and  Minnesota 


M>.. 
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Power  CompanN  ,  represfnfi-*!  by  \V.  K.  Uai  kiis.  of  Miniieaiiolis.  atui  the  Depart- 
ment of  Cnmn  Lands  of  the  province  of  Ontario,  hxikinn  to  tl.,  full  develop- 
inenl  of  the  site.  Sinee  the  Rainy  river  is  an  international  waterway,  and 
thereby  romes  equally  under  the  jurisdiction  of  Canada  and  the  I'nitcd  Slates, 
its  resources  belonKin^  e(|ually  to  both  countries,  siH-cific  clauses  were  inserted 
stipulating  that  one-half  of  the  tot.d  |H)wer  capable  of  development  should  be 
at  all  times  retained  and  reserved  for  use  on  the  Canadian  side. 

The  particular  matter  of  intirest  to  the  subject  herein  discussi-d  is  the 
relation  which  the  oiKTalion  of  the  i)ower  plants  and  the  control  of  tlie  d.ini 
bears  to  the  regulation  of  the  basin.    The  plant  was  ready  for  oinralion  in  I'MO. 

The  ^leneral  plan  of  development  called  for  the  construction  of  two  |K)wer 
stations  identical  in  size  and  cai)acil>  ,  one  on  either  side  of  the  river,  connected 
by  a  dam  of  granite  masonry  which  in  plan  resi-mbled  a  letter  V  with  the  ajKA 
pointing  upstream  (plate  M».  Kach  power-house  allowed  for  the  install.iiioii 
of  nine  units.  The  ajH-x  and  left  winj{  of  the  dam  consisted  of  a  concrele-cai)iK(l 
free  spillway  secti(m  some  4.S(I  feet  in  length,  crest  at  ele\ation  407,  Depar'.ment 
of  Public  Works  datum,'  and  decked  to  allow  ready  access  from  one  side  of  the 
river  to  the  other. 

In  the  right  wing,  and  adjacent  to  the  Canadian  i>ower  statio\i.  were  placed 
ten  10-foot  gate-controlled  arched  sluiceways,  with  sills  at  ele^utiim  477  .SO, 
.uid  crown  of  arch  at  elevation  4900.  Through  these  sluicewa\s  the  riv.  r 
discharge  is  controlled,  the  spillway  acting  as  a  safely  factor  to  combat  cMrenu- 
rim-ofTs.  Between  the  Canadian  \y>v,vr  station  and  the  main  river  bank  is  an 
old  excavated  canal  channel.  This  is  not  used  for  navigation  purixjses,  iis 
upiXT  entrance  being  closed  by  head-gali-s.  The  .American  power  station  is 
connected  to  the  river  bank  by  a  temporary  crib  dam,  it  being  the  inuntimi 
to  here  add  three  additional  units  to  the  six  now  constructed. 

1  he  installation  of  the  Canadian  jiower-house  at  present  consists  of  four 
4-njnner  turbines  of  1,700  wheel  horse-iiower,  supjilied  bv  the  Holy(jke  Machine 
Cimipany,  C(mnected  to  four  .•i-ph.ise,  f)0-cycle,  6,600-volt,  1,250-k.v.a.  genera- 
tors. The  greater  i)roiK>rti(m  of  the  electrical  p(-wer  is  transmittetl  to  the 
I  nited  States  side  of  the  river.  Adjacent  to  the  generator  room,  and  in  the 
s.ime  i)ower  building,  is  the  |)uli)--rin(ling  machinery.  This  consists  of  tivi- 
sets  of  griniltrs,  three  to  a  s,  < .  direct  ((.nii.cted  to  horizcmtal  turbines.  .\ 
hc.id  of  some  ,?,?  feet  is  d'  .  ficiHsl,  the  taiUvater  averaging  about  elevation 
4().V 

In  the  .Americin  jjower-liouse  there  are  at  i)resent  installed  si\  l-nnniir 
turbines  of  2,200  wheel  horst.>-]K)wer,  supplied  by  the  Morgaa-Smitii  Conijiain. 
each  set  connected  to  four  wood-pulp  grinders.  Space  is  provided  for  three 
additi(mal  units.  The  ])ower  output  of  the  entin^  development  is  uiili/ed  in 
pulp  and  paiHT  manufacture,  mills  biing  in  operation  on  both  sides  of  liie  rivt  r. 
1  he  (  anadian  mill  is  of  rex  nt  constructicm  and  h.is.ibout  one-half  the  capacity 
of  the  American  mill.  A  .^mall  block  of  power  is  nseri  for  lighting  the  towns  of 
Korl  FraiUfs  and  Iut»'rnation,il  Falls. 

Tlu>  scheme  of  development  as  tirst  laid  down  called  tor  l.H.OOO  hor-e- 
ixmer  installed  turbine  >  apacity  in  eaili  power-house,  or  .^o.OOO  horsc-iKmir 

'  ItUI  M>  W.itfr  Powi-r  .Sun-i  v  (i.-iluni        Zero,  I).]i  utnu'nl  ui  t'uhiic  Works  datuni. 
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ill  all.     This  would  call  for  a  imuli  unaiiT  llow  in  the  rivir  than  siihst 
kauginKS  liavi-  found.      Vhv  im-an  run-off  past  Fori  Francos  for  llu-    i>a-«t 
yiars  has  Uvn  in  the  niinlihourhiMxl  of  7,7tM)  si-cond-fi-et. 

No  ditViculiy  has  liitn  ixiarifucc'l  *r  .in  iiv  iroul.lts  hi  tin-  opcral 
ihi-  plant,  liut  shortage  of  watir  ai  dilTi'imt  season^  h.i^,  in  an  uiiinist, 
manner,  iiidiiatid  the  nt-ifssity  f<'r  ngulation  in  thr  ui.pir  watirs.  I 
itu!  thr  lonipany  has  invisligatid  thi'  storage-  po>>il.iliiio>  "f,  ,ind  ii.i- 
arltvi-  stt-ps  to  secure  storage  rights  on,  ..evir.d  of  the  lli>iier  lake-.. 


qui-nt 
eight 

ion  of 
ik.il.le 
o  this 
tiiken 


I  llAt  IUKKI     I  AI  l-    l>AM. 

At  (MLiuditVe  falls  i  Keith'  fallsi.  the  Nani.ikan  Like  liAel  (Um  harge^  into 
Kainv  lake,  with  a    norm.il    droi>   of    H   feet    under    n.ilur.il    eoiidilion-^.       Ihe 


.....mLJi 


{'h,iii(liire  (Kittlr)  I'alls,  C'an.nli.in  C  li.inml. 


:lro|i  akes  place  in  two  channels,  through  ilie  northern  of  which  p.i->es  the 
international  l.oundarv.  thus  ,.l.icing  the  .lividing  iMa.ul  and  the  -oiith  channel 
in  Canadian  territory.  In  Fel.ruary.  l'>i?,  nlans  were  MiLmittenl  to  the  Domin- 
ion Department  of  i'ul.lic  Works  'oy  the  Kair.y  Klv.r  Improvement  (  onip.my 
(an  allied  interest  of  the  Ontario  and  Minn.-.ota  Power  fomp.iiu  '  l.«.king 
to  the  construction  of  storage  dams  across  ih.-  two  ch,innels  at  (  h.uidiere 
falls.  It  was  hoped  by  this  nmstruciion  to  secure  12  feet  of  storage  on  lake 
Xamakan  which,  with  its  connected  lake^.  is  KM)  s(iu..re  miles  in  are.i.  The 
tirsl  proi)osal  called  for  dams  of  timber  crib  c(mstrucii(.;i.  I>m  the  recom- 
mendation of  the  engimers  of  the  l)e;:>rtm.nt  of  I'uMic  V-.  -rk^  the  design 
was  changed  to  a  concrete  and  masonry  struc  iur.-.  and  ad-'L:  -.-al  dixh.irgmg 
cap...iiv  was  provided.  Work  on  the  const  nni  ion  of  tin  '  .-as  proceeded 
throughout  the  year  of  1914,  and  they  are  iiov.  completed  (pl.iie  40). 


''isa^*^:-^.  i.-%fXksr^'- 
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The  Inttrnaiioial  dam  arross  the  northt-rn  (hanni-l  ronsistH  '>(  four  14-fooi 
Moplog  r(niii.)IU>«|  sliiuis  with  sills  at  elevation  4W)15  (Depar'nient  of  IHihlic 
Works  (latum),  one  of  which  is  fitted  with  a  timher  lo^  slido,  with  mII  at  445 •  IS. 
The  piers  i  ising  to  elevation  510- 15  are  of  masonry  constnietion  with  concrete 
sills.     A  fishway  has  Ikhh  provided  adjacent  to  the  I'nited  State-*  shore. 

The  (  inadi.ni  ri.ini  across  the  st)uthern  channel  consists  of  four  14-f<K)t 
Rlojiloi;  contiiilliil  sluices  and  a  6-f«M)t  fishway  idmtted  on  either  side  by  an 
enib.inked  inasonr\ -face  wall  with  top  eU\ali<>n  at  .SIO  1.S,  conne<ting  with 
the  hiv;l»T  ^roiMid.  Tlu-  sjll  i-li\aiion  of  ilu-  most  souihcrl\  sluice  is  498- 15, 
ol  till  .itli.K  <  lit  sluice,  40(1  l.S.  and  of  tlu-  rem, lining  lun,  4<)5. 15.  'fho  northerly 
!ui'(  tiiicil  with  ,1  liuiliir  |c.,sli.k  Ailli  sill  at  5(H)  15.  Tlu' fishway  is  adjaient 
til  ilie  wl, 111(1.  Tlic  >;(i;(i..l  <  wn-i  j  m  ( imi  i>  -iiiiilar  to  that  of  the  international 
(l.iiii. 


IhuUiln'rc  iKlUhJ  l-'a'.U,  Inlirn  .ii'iii.i!  (  liamii-l. 

Ii  will  liC  noted  from  llie  ahove  that  it  is  jxissiMe  to  lower  lake  N'aniakan 
by  iiU'ans  of  the  iuteriialional  dam  to  a  jioiiit  much  below  its  previous  low 
hvel. 

In  coiijuiution  with  the  .ibovi-  two  dams  u  was  necessary  to  close  two 
gaps  which  would  otherwise  iirovide  escape  cli.iimels  when  the  lake  level 
approached  its  ujijaT  limits.  Thesi-  ^aps  were  do'-t'd  by  the  Bear  creek  and 
the  (iold  Portafjo  dams,  res|)ectively. 

The  Bear  Creek  dam  is  a  small  timber-crib  stotie-fille<l  structure  spanning 
a  6()-foot  Kap.  with  crest  at  510- 15,  and  some  6  fc-et  high  at  the  highest  iK)int. 

The  fiold  Portage  dam  is  a  longer  structure,  but  of  about  the  same  maximum 
height.  It  lonsists  of  al>out  2(M)  feet  of  crib  tlam  and  225  feel  of  earth-fill. 
All  structures  arc  built  t.'  sttind  regulated  hiv;h-water  level  of  508 -5. 

The  storage  -^w  ..tioiis  involved  arc  dealt  with  in  chapter  IV. 
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Various  timlxr  clamB  in  a  vycaivt  or  lf*s  dt-Kree  of  rtpair  aro  scattiTc-il 
throuKhonl  the  basin.  Thi>f  dams  have  Int-n  constructtni  at  tho  outU-tH  o( 
wvfral  of  the  Iohm  r  lakes  !)>■  the  lunilK-rinK  inttTi-sts,  tlii-ir  puriKwc  UinK  to 
store  water  for  a  rapid  flushinK  down  if  the  timber  durinR  the  loK-drivintf  seawm. 
Among  the  lakes  so  eotii rolled  Ar\'  White  Otter,  Whitctish,  Turtle,  Martin. 
Beavcrhouse,  ami  I.onn- 
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CHAPTER  VI. 
POSSIBLE  POWER  CONCENTRATIONS. 

Reach  of  thf.  Rivi  r  Devei.opkd. 

The  reach  of  river  covered  in  the  pcmer  studies  extends  from  lake 
U.nn.peg  to  the  headwaters  of  the  city  of  Winnipeg  municipal  plant  at  P<.int 
du  Bo,s.  and  comprises  practically  the  entire  drop  of  the  river  in  Manitoba. 

I  he  channel  of  the  VV.nn.peg  river  follows  the  general  tren.l  of  rivers  flowing 
inrflc       TK  "'  '''^"''  ,'^'    I-^urentian    granite    lies    practicailv    on    the 

?rt  liHl  '  "'""L";  '"  ?  ''"■''"  ""'""'•  '^"'"•'"^"l  "f  d^"n>  broad  basins  with 

TniJl  tI""'"  •  u  '\  •'-'  f '''"•''  "'^^'"^^^'^  '"  ''■^•^''  ^''  »he  various  falls  and 
•Xh  nr  -'n    "  '"''^  P'^^"*-'  ^^-  ^"''  ^'^'^  occasioned!  by.  granite  outcrops, 

Ahich  are  mvar.ab  y  m  evidence  on  both  river  banks  and  in  the  stream  be,l 

;han"ttrH"'V.vr  "^  "u  "  ■■"'''  ^""'"  ''  ^'''""'•'  "'^^'  ^''  ^  '"^'her  elevation 

than  the  bed  of  the  r.ver  m  the  pond  above,  and  is  in  fact  the  controlling  feature 
gov^mmg  the  level  of  the  lake-like  expanses.  As  a  result,  the  drops  are  generally 
well  concentrated,  and  the  hydraulic  gradient  between  the  various  falls  and 
rapids  .s  usuay  neghgible,  a  combination  of  circumstances  which  renders 
possible  the  utilization  for  power  purposes  of  practically  the  entire  fall  of  the 
mer.  The  reach  below  the  lower  Seven  Sisters,  together  with  the  Pinawa 
channel,  are  the  only  sections  of  the  river  where  it  has  been  necessary  to  sacrifice 
any  considerable  portion  of  the  drop.  satnntc 


Table  33.~Profile  of  the  Winnipeg  River  under  natural  conditions,  and  under 
proposed  system  of  hydro-electric  development. 


Xaiural  Conditions. 
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749 
762 
770 
;(0.5 
812 

i;is 

850 
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Pkoposed  Condiiioxs. 
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12 
8 

35 
6 
6 

16 
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8 
9 

10 
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19 
7 
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Power  Site. 


Pine. 


Du  Bonnet. 


Mc.Arthui 

Lower  Seven  Sister.^ 


LVper  Seven  Sisters. 


Slave  Falls 


Winnipeg  Power  Plant. 


tabli 


Note.- 


le  since  u'l^lSifllt  ::^^:;^^<'^^'^^^l--y  C»»P-X  on  'he  Pma.a  channel  is 
its  head,  and  tailwater  elevations  are  880  and  < 

86376— 12J 


Tail 
Water 
Kiev 


Head 
Water 
Kiev. 


Ilea*; 

in 
feet. 


750 

37 

808 

56 

727 

18 

870 

37 

928         26 
976         45 


r  elevations  are  880  and  841,  respectively 
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not  included  in  the  above 
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Tabk-  .V?  illiistratfs  romiscK-  tlu-  natural  toiKlilions  on  (he  rivi-r  prior  to 
|K)wi'r-i)lant  construction,  and  tin-  altered  londiiions  which  will  result  from 
the  development  of  the  available  sites.  It  is  projxised  to  concentrate  the  at 
|)resent  undeveloped  portion  of  the  iKiwcr  reach  at  se-.  en  sites,  i.e.,  Slave  f.ills, 
I  |)IH-r  IMnawa.  r|>i)er  Seven  Sisters,  Lower  Seven  Sisters,  Mc.Xrthur,  Du  Bonnet, 
and  Pine  falls.  I'late  41  graphically  illustrates  the  co-re!. itioii  of  the  KoverniiiK 
elevations  of  the  various  proposed  plants. 

Disi  it.\R(.K  OK  Tin;  Rivi;r. 

A  reference  to  chapter  III,  coveriuK  the  run-otf,  will  demonstrate  the 
exceptionally  wcll-reKulated  character  of  the  Winnipeg;  River  How  under  pris.iu 
conditions.  Actual  meterings  since  January,  1<;()7,  have  shown  a  minimum 
record  of  1 1 ,700  cubic  feet  per  second,  and  a  maximinn  of  5.1,440,  with  an  average 
of  2.\,?7.1  for  the  jiast  eijjht  years.  In  a  normal  year  the  t1ood  How  seldom  exceeds 
four  times  the  minimum.  This  favourable  conditiim  is  of  s])ecial  importance' 
to  hydro-electric  dcA'elopment  in  the  lower  reaches.  In  view  of  the  excellent 
storage  facilities  in  the  ujiper  watershed  it  is  readily  ])ossible  to  so  control  the 
(low  as  to  maintain  a  minimum  of  20,000  cubic  feet  i)er  second  the  year  roimd. 
While  regnlaticm  to  a  somewhat  higher  mininuim  is  fc-asible,  .?(),fl()0  second- 
leet  is  considered  throughout  the  jiowfr  discussions  in  this  report,  since  it  can, 
with  supervised  control,  ne  secured  in  the  immediate  future,  with  the  storage 
facilities  already  provided  in  the  upper  basin,  .\nother  characteristic  of  tiic 
discharge  which  is  favourable  to  hydro-electric  development  is  the  comparatively 
slow  rise  of  (loods,  due  to  the  balancing  effect  of  the  upper  lakes. 


FLOODI.S'fi    .\M)    I'()M).\(;E. 

Sinc-e  the  selection  of  the  sites  has  been  largely  governed  b\-  the  contours 
of  the  banks,  little  flooding  is  involved  along  the  river.  At  certain  jioints 
where  special  as])ccts  called  for  consideration  and  where  existing  interests 
introduced  special  cumditions,  it  has  been  necessary-  to  provide  emlninkments 
in  order  to  take  full  advantage  of  (he  fall  available.  The  smallness  of  the  pro- 
posed flooded  area  is  largely  due  to  the  fact  that  the  banks,  as  a  rule,  rise  fairh 
abruptly  from  the  water's  edge.  A  large  proportion  of  the  river  banks  is  still 
Dominion  land,  and  reservation  is  being  made  of  all  such  lands  affected  by  the 
proposed  power  scheme. 

The  projwsed  plants  are  well  provided  with  local  pondage.  The  pcmd 
areas  vary  from  1,175  acres  at  the  Lower  Seven  Sisters  site  to  38  scjuare  miles 
at  the  McArthur  siLc^.  At  certain  sites  where  the  pondage  are  i  is  comparatively 
limited,  conditions  can  be  bettered  by  a  supervised  regulation  of  larger  ponds 
farther  up  stream.  This  is  particularly  the  case  in  Lac  du  B(jnnet.  which  will 
form  38  scjuare  miles  of  pondage  for  the  McArthur  plant.  This  local  storage 
is  out  of  all  proportion  to  the  recjuiremeuts  of  the  McArthur  development, 
and  a  sympathetic  regulation  will  render  the  storage  benefits  immediately 
;.  ailable  to  the  Du  Bonnet  plant  located  immediately  belcw.  Similar  con- 
ditions, though  not  so  marked,  occur  at  other  points  along  the  river. 
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The  ,,uf.ti..n  of  in-  .•...uliti.ms  as  foun.l  ....  tl,..  \\i„„i,KK  riv.r  has  alna.lv 

•1-."  'lu.  ....rtlurly  lat.tu.k-  .„  whi.h  the  \Vin„i,,..K  rivvr  is  l,„at...l  .u-.c-ssitatt-s 
a  n...st  rareful  .■o„s„|,.ratio„  of  ,M,s>il.|..  i.v  ,ro,.l,|..,  i„  ,1,,.  .|..,iy„  „f  ,,„.  ,,,.,,^„. 
rli<tri<   plants  alr-riKiluriMr  • 

Whil..  in  pas.  v.ars  trouhl..  has  Urn  cxiKTi.,,.-,.!  in  th..  oj^Tation  of  pouvr 
station.  nn.K-r  extrvnu.  low-tontiKTattirc  .on.ii.ions.  tin-  l,..,tvr  nn.l..rs.,.n.linu 
..I  tin.  oHKin  att.l  nature  of  fra/il  an,|  an.hor  ia-  uhi.h  has  Ih..-„  n..,.he.l  -luring 
remit  y..ars  has  result..,,  in  these  troul.l..s  In-in^  larK..|v  miiu-.ni/.-,l,  an.l  Ir.nuen.ly 
entirei\  owr.onic  m  the  more  recently  <lesiKne<l  stations 

The  muni.ipal  plant  of  ..  ,i,y  of  Winnip.^  .,„  ,1h.  WintaiHu  riv.r  .,  an 
.■xre  lent  ,.,an,ple  -.f  .,.o<l,.rn  ,les,,M,  in  this  r,.sp... ,.  A  l.roa.l  ,l....p  pon.i,  son... 
...Ml(  a.res  ,n  ar.-a.  forms  ,h,.  hea.lw  .I.t  of  the  plan,  an.l  a.  ts  as  a  selthaK  Iumu 
l..r  th..  ,h...,rl....|  wa...r  al.ove.  The  hea.i-ra.e  lea.linK'  Iron,  .his  pon.l  is  ..f 
MitfKunt  <Toss-s..,  .,o,i  .o  n.aia.ain  a  .|uiet  ami  un.lis.nrlK.l  tlovv  .o  ,he  s.a.ion 
Il<-re  |)ar.,.-nlar  .are  !,as  heen  tak.n  to  s.vur..  the  u  'is.urlK.l  entran.e  of  the 
water  ,n.o  .h.-  wh..,.|  p,..     TIh.  r..sui.  is  ;.„  ..n.ir..  fr.v.jom  from  iec  trouhK-s 

!.'  the  layouts  whi.h  ar..  I  .n.in  .•onsi,|..re,l,  esp.vial  at...ntion  has  Inrn  dven 
to  th-s  .luest.on  an.l  in  no  ease  are  i.e  irouhl.  ,  anti.  ipat..,|,  |„  ..II  .h-sip.s  the 
rKmx^stat..,.,s.lraw  .m.lis.urlH.,!  wa,..r  in.o  ,h..  .u.hin.s  front  .1,..,,,  .p.ie,  pon.ls. 
lie  falls  an,l  rapuls  wh..  h  in  a  natural  state  favour  the  formation  .,f  fra/il  i.e 
w.ll,  ,n  ,  „.  general  scheme  pn.posi.l,  1.-  ,l,„„|,.,|  ,.u..  an.l  the  entire  .Irop  in  .he 
mer  wll  pract.cally  take  pla.-e  from  .,ne  pon.l  to  another,  over  an.l  throuRh 
the. lams  at  the  points  of  con.en. ration. 

Atuple  pn.vision  has  Ix^rn  ma.le  at  each  si.,-  for  .jrawintr  "ff  all  fl.->atin- 
Kc  an.l  .In.t  Wherever  possible,  ice  sluices  have  been  so  place.!  that  their 
d.scharK'e  w,ll  produ.e  a  cross  current  along  the  face  of  the  p..wer  station  ancj 
automatically  draw  ofT  floating  material.     The  racks  and  entrance  t.,  the  water 
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passages  of  the  turbines  nre  protected  by  a  sloping  concrete  curtain  across  the 
face  of  the  entrance  piers,  the  bottom  elevation  of  which  is  placed  irom  .1  to  3  feet 
below  regulated  pond  level. 

Foundation  Conditions. 

Unexcelled  foundation  conditions  are  assured  at  all  the  proposed  plants. 
The  natural  granite  formation  which  underlies  the  entire  country  is  exposed  on 
the  surface  at  all  locations  selected  for  hydro-electric  development.  At  several 
of  the  sites  the  rock  outcrops  throughout  the  entire  layout.  In  other  places  it  has 
been  necessary  to  make  assumptions  as  to  the  rock  elevation  in  the  stream-bed, 
since  the  nature  of  the  field  investigations  did  not  warrant  the  expense  of  actual 
sounding  at  the  crests  of  falls.  This  is  deemed  a  proper  expenditure  for  the 
interests  doing  actual  development  work.  For  the  purpose  of  the  present 
discussion,  it  is  sufficient  to  ascertain  the  existence  of  the  bedrock,  and  its  probable 
elevation.  Such  assumptions  as  have  been  made  are  based  on  personal  inspection 
of  the  site  on  the  ground,  and  on  a  consideration  of  the  actual  conditions  which 
exist  at  points  along  the  river  where  definite  data  have  been  secured.  The 
conclusions  as  to  Ijedrock  elevation,  as  set  out  in  detail  at  each  site,  are  considered 
to  be  conser%'ative. 


M 


General  Basis  of  Dksk;:;  and  Layout. 

The  submitted  designs  and  layouts  have  been  worked  out  in  this  ofifice 
on  the  general  basis  set  out  in  the  following,  and  have  on  this  basis  been  approvcfl 
by  Mr.  J.  B.  McRae,  consulting  engineer  to  the  Dominion  Water  Power  B,-anch. 
The  designs  of  the  power-houses,  dams,  and  contingent  structures,  and  the  pro- 
posed hydraulic  and  electrical  equipment,  have  been  developed  only  in  sufficient 
detail  to  permit  making  fairly  accurate  estimates  of  the  quantities  and  costs 
involv  -1.  It  is  not  intended  that  the  designs  and  layout  proposetl,  and  the 
equipment  suggested,  should  be  adhered  to  in  all  respects  by  any  parties 
developing  the  power  at  these  sites.  It  is  intended,  however,  that  the  basic 
elements  of  thfe  design  be  maintained  as  proposed,  in  the  interests  of  the  complete 
river  development  scheme.  These  basic  elements  are:  head-  and  tailwater 
elevations,  discharging  capacity  and  stability  of  dams,  and  stability  and  suffi- 
ciency of  power-houses  and  i.ontingcnt  structures. 

The  layouts  are  designed  for  an  initial  and  for  a  final  installation.  At  points 
where  the  whole  flow  of  the  river  is  available  for  development,  the  preliminary 
installation  is  designed  to  utilize  12.000  second-feet  (the  present  minimum  flow 
of  the  river),  with  provision  for  the  subsec|uent  addition  of  sufficient  units  to 
properly  care  for  a  regulated  flow  of  20,000  second-feet.  The  latter  is  spoken 
of  throughout  the  report  as  the  final  installation. 

One  feature  which  should  Ix;  emphasized  in  connection  with  these  future 
additions  is  that  it  is  inadvisable  to  carry  the  construction  of  unfinished  units 
further  than  is  absolutely  necessary  to  withstand  the  headwaters.  The  rapid 
advances  v.-hich  .are  beins?  made  in  the  development  and  settings  of  hydraulic 
machinery  are  such  that  the  interval  of  even  a  year  or  so  between  the  completion 
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of  the  initial  installation  and  the  subsequent  addition  of  the  remaining  units, 
may  be  sufficient  to  produce  important  alterations  and  improvements  in  design. 
It  is  essential  that  the  unfinished  portion  of  the  power  station  should  Ix;  left  in 
such  shape  that  the  new  units  can,  when  installe<l,  incorporate  all  later  improve- 
ments in  hydraulic  installation.  The  neglect  of  this  feature  has  prove<l  costly 
to  many  plants  now  in  operation  throughout  the  country. 

The  details  of  the  designs,  such  as  sections  and  plans  of  the  power-houses, 
dams,  ice  sluices,  and  embankments,  etc.,  have  been  standardized  throughout 
all  the  plants,  varying  of  course  according  to  the  head  and  to  the  equipment 
at  each  site.  In  all  cases,  single-runner  vertical  turbines  have  been  adopted. 
The  purpose  of  this  standardization  of  design  is  the  desirability  of  having  the 
cost  of  development  at  each  site  reduced  u>  the  same  basis  or  measure  in  order 
that  the  comparative  merits  of  the  different  projects  can  be  ascertained. 

It  is  recognized  that  nature  has  particularly  favourcxl  the  Winnipeg  river 
in  supplying  an  extensive  lake  area  in  the  upper  waters,  and  that  rapid  rises  and 
sudden  floods  such  as  are  experienced  in  watersheds  not  so  supplied  do  not 
take  place.  In  the  future,  however,  when  the  river  is  fully  regulated,  it  is 
reasonable  to  anticipate  a  combination  of  circumstances  which  will  result  in 
more  sudden  rises  and  perhaps  greater  floods  than  have  been  so  far  experiencetl. 
Such  a  combination  of  circumstances  might  be  a  prolonged  and  widespread 
Ix.'riod  of  heavy  rain,  at  a  time  when  the  reservoirs  in  the  upper  watershed  are  all 
filled  to  high  level.  The  surplus  waters  would  then  be  discharged  at  once. 
For  this  reason,  and  in  view  of  the  complete  system  of  river  development  which 
is  contemplated,  a  larger  degree  of  discharging  capacity  has  been  provided  at 
the  various  plants  along  the  river  than  past  floods  in  the  river  would  apparently 
require. 

Head-  and  Tailwater  Klevation. 

It  is  not  intended  in  this  report  to  unchangeably  fix  the  exact  head-  and 
caihvater  levels  of  all  the  proposed  concentrations.  These  final  elevations  are 
de(x>ndent  on  full  and  complete  surface  level  records  under  all  conditions  of 
discharge.  Owing  to  the  comparatively  unsettled  nature  of  a  large  portion  of  the 
river  banks,  it  has  been  very  difficult  to  secure  satisfactory  and  regular  gauge 
readers.  As  a  result,  on  some  reaches  of  the  ri\er  the  surface  le\el  records  uiuier 
difterent  stages  are  not  as  conqilete  as  is  desired.  This  information  is  being 
s"'-ired  as  rapidly  as  possible,  and  will  be  available  in  sufficient  time  to  deal 
w  h  any  c|uestions  of  administration  which  may  arise  in  connection  with  the 
development  of  the  reach  along  the  lines  set  out  herein. 

The  head-  and  tailwater  levels  as  set  out  herein  are  considered  to  very 
closely  represent  the  final  levels,  and  any  variation  which  later  information 
may  necessitate  should  not  change  the  present  conclusions  to  any  great  extent. 

Navigation. 


The  Winnipeg  river  is  classtni  as  a  navigable  stream,  and  hence  any  power 
development  thereon  must  conform  to  the  provisions  of  the  Navigable  Waters 
Pruiection  Act.     This  phase  ol  the  situation  was  kept  constantly  in  view  through- 
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out  the  entire  power  stu(i>-  discussed  herein,  ami  reference  to  profiles  on  Plates 
5  and  6,  ami  to  the  layouts  on  Plates  43,  48,  53,  57,  61  and  68  will  indicate  ihe 
comprehensive  provision  which  has  been  made  to  meet  na\  igation  needs,  should 
the  canalization  of  the  river  ever  become  an  active  issue.  After  the  completion 
of  the  p<jwcT  developments,  the  construction  ol  l(x-kaj;e  facilities  at  the  diffierent 
layouts,  together  with  some  necessary  dredging  and  channel  improvements,  will 
render  the  river  readily  navigable  throughout  ths  power  reach. 

The  plans  of  the  completed  jiower  scheme  were  referred  to  the  Dominion 
Department  of  Public  Works  for  approval  in  so  far  as  the  navigation  features 
were  concerned.  This  ajiprowd  has  been  given  for  the  complete  scheme  as  now 
submitted,  with  the  necessiiry  reservation  that  actual  construction  plans  for  the 
development  of  any  particular  .-.ite  must  be  resubmitted  for  di-tail  consideration 
and  approval,  before  active  construction  is  commenced. 

EsTiM.\Ti:s  OF  Cost. 


The  question  of  the  a(l\isibilit>'  of  publishing  detail  capital  and  operating 
cost  estimates  was  at  first  (k  baled,  as  it  was  fell  tli;  '.  lhe\'  might  be  oiXMi  to 
criticism  and  that  conditions  changing  with  the  ])assage  of  time  would  possibly 
very  materially  alter  the  published  figures.  It  was  thought,  howe\er,  that  the 
achisibility  of  supplying  prospective  users  of  power  with  some  conser\ati\e 
and  authoritative  measure  whereby  the  economic  as  well  as  the  engineering 
merits  of  the  \arious  sites  could  be  readiK'  compared,  and  with  which  competing 
sources  of  power  could  be  analysed,  more  than  outweighed  other  considerations. 
To  neutralize  possible  future  criticism  of  the  published  estimates,  care  has  been 
taken  to  supply  such  plans  and  data  covering  each  site  as  will  enable  inde- 
pendent estimates  being  made  b\-  any  parties  interested  in  its  develoiMuenl. 

In  view  of  the  fact  that  it  is  not  possible  at  this  stage  to  foretell  whicli  |)lants 
along  the  Winnipeg  risiT  will  be  utilized  for  the  purjiose  of  transmitting  power 
to  the  industrial  centres  of  Manitoba.  aiK.  wiiicii  ones  will  develop  power  for 
local  use,  the  cost  estimates  place  the  power  on  the  low  tension  swilchboar<l  in 
the  power  station.  With  the  exception  of  Pinr  F"alls  site  no  allowance  has  been 
made  for  transformation  and  transmission.  The  purpose  of  the  estimates  has 
lieen  primarily  to  arrive  at  the  capital  cost  of  the  actual  development  of  the 
indepemlent  sites,  ami  by  standardization,  both  as  to  design  and  as  to  unit 
prices,  l(j  compare  the  sites  witheach  other  from  the  view  point  of  their  economic 
feasibility.  Since  the  basis  of  estimates  is  standardized  throughout,  a  study  of 
the  results  submitted    herewith  will   be  found   of   interest. 

The  general  costs  fpioted  are  based  on  a  24  -hour  output,  at  75  piT  cent 
over-all  efficiency,  as  this  forms  a  uniform  and,  considering  the  more  than 
90  per  cent  efficiencies  claimed  for  modern  turbine  runners,  conserx atixe  measure 
for  comparison.  The  figures  on  this  basis,  scarceh'  do  the  dexelopments 
justice,  since  in  them  no  account  is  taken  of  peak  loads  and  (jf  the  re-sale  of  powei 
such  as  is  alwa\s  [wssible  in  i)Iants  projected  for  the  supply  of  power  for  general 
industrial  and  lighting  consumption.  In  all  designs  ample  machine  capacity 
has  been  allowed  to  care  for  all  peak  loads  which  can  be  reasonably  e.xpect'.d, 
and  to  supply  spare  units  for  emergencies.     This  over-development  has  added 
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largely  to  the  estimatetl  cost  of  the  plants  and  henre  to  the  unit  cost  when  t'.e 
latter  is  based  on  24-hour  |>ower.  On  the  other  hand,  costs  per  horse-power, 
based  on  the  installation,  frec|uently  convey  erroneous  ideas  as  to  econoini<- 
efficiencies,  since  local  conditions  or  an  auxiliary  steam  plant  fretpiently  perinil 
the  excessive  over-development  of  a  particular  power  site  in  proportion  to  tin- 
de|)cndable  power  available  from  the  river.  However,  in  the  designs  and 
estimates  consid<-re<l  herein,  the  machinery  installed  In-ars.  in  all  cases,  a  di'fniitc> 
ratio  to  the  power  in  the  river,  and  this  ratio  cannot  be  considered  too  liit;li  in 
plants  handling  normal  industrial  and  lighting  loads.  The  unit  costs  based  on 
installation  can  therefore  be  profitably  studied  in  conjunction  witii  the  tmit 
costs  on  a  24-hour  basis. 

In  all  cases  jirovision  has  been  madi'  for  access  to  the  site  b\-  r.iil.  or  in  tl.e 
case  of  the  I'ine  Falls  plant,  by  w.iKr.  In  each  c.ise  10  [ht  cent  has  been  .lilowed 
lor  contingencies,  5  jier  cent  on  this  total  for  engineering  and  inspection,  and 
5ji'  per  cent  on  the  whole  for  one  \ear  for  interest  during  conslniciioii. 

The  actii.il  cost  of  the  construction  of  the  twr,  ;>xisting  |>l.inis  on  the  riwr 
has  l)een  carefully  studied  and  compared  with  the  esii:iiat<d  costs  of  the  \arious 
proposed  ('  .elopments.  Independent  estimates  by  pri\<ite  ei  ineeriiig  fnirs 
have  also  Deen  found  to  check  closely  with  the  capital  costs  herein  submitied. 
The  estimates  may  therelore  be  taken  as  setting  out  conserxativciy  and  closeK' 
the  capital  construction  cost  of  the  proposed  sites. 

As  in  the  case  of  the  c:i[)ital  costs,  the  annual  operation  costs  have  bicn 
estimated  toa  uniform  stan<lard,  and  hence  form  a  measure  wiureby  tliecomnier- 
ci.il  prospects  of  the  different  projects  c:m  be  readily  coin|),ired. 

The  operation  costs  include  capital  charges  and  an-  piililislied  in  terms  nf 
cost  jier  horse  ])ower  year  24-hour  power;  cost  per  horse-powir  >e.ir  ma(hin(r\ 
installed;  cost  per  kilowatt  hour  at  !()()  percent  load  factor,  and  cost  |Kr  kilow.itt 
hour  at  -SO  \k-t  cent  load  factor.  These  costs  represent  the  operating  ciKirg(  s 
;.t  the  power  station,  and  do  not  include  transf(jrming  and  tr.uismission. 

In  order  to  secure  a  proper  understanding  of  the  cost  of  power  in  Winiiire  ;, 
the  estimated  cost  of  transmitting  power  from  the  I'ine  I'alls  -;,  -  to  \\"innip(  g 
Las  been  inriii  ie>l. 

In  \iew  ol  the  inxoKed  nature  of  the  storage  situation  in  tile  upper  w.ite;- 
shed,  the  projiortionate  cost  of  storage  reservoir  construction  has  not  been 
included  in  the  estimates  of  the  various  sites.  Tlie  necessary  sli'ps  to  instnc 
2(),(;()()  second-feet  minimum  flow  are  (kpeiident  largel\-  upon  the  com.,-  <jf 
power  dexelopment. 
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("onsiderabie  atttr.tion  has  reci'iith'  been  gi\eti  to  tiie  aesthetic  triMtmeiit 
ot  public  buildings,  and  wilii  such  desirable  results  tiiat  it  has  been  fell  tli.it  tin- 
Dominion  (iovernment  should  encourage  in  e\ery  rea.sonable  wav  tile  .irclii- 
leifural  embellishment  of  power-houses  constructed  under  Dominion  authoriu, 
and  especially  where  the  location  is,  or  is  likeK'  to  be,  accessible  to  the  gener.d 
iniblic.  While  it  is  not  |)roposed  to  comjiel  power  com])aniis  to  adopt  .i  sciieme 
of  architectural  treatment  of  power-house  design  which  would  entail  an  unne- 
cessary   or    unreasonable    extra   exfjense,    it    is    proposed    to    lnsl^t    upon  the 
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design  of  important  structures  being  given  such  consideration  from  an  aesthetic 
standpoint  as  will  conform  to  modem  conceptions  of  architei  tural  treatment. 

As  the  water-powers  of  the  Winnipeg  river  are  so  close  to  the  city  of 
Winnipeg,  and  as  this  river  offers  many  attractions  to  the  traveller  and  the 
pleasu/e  seeker,  it  is  certain  that  the  river  will  receive  an  increasing  number  of 
visitors.  Looking  to  the  future,  it  will  not  be  long  before  power-houses  will 
succeed  one  another  from  lake  Winnipeg  to  the  eastern  boundary  of  the  province 
of  Manitoba,  and  with  proper  foresight  and  with  advantage  taken  of  the  oppor- 
tunities for  architectural  treatment  of  these  jrower-house  structures,  and  also 
of  the  landscape  treatment  of  the  surroundings,  this  river  will  in  future  genera- 
tions form  one  of  ihe  most  interesting  features  of  the  district,  both  from  an 
engineering  and  from  an  aesthetic  standpoint. 

Consistent  with  this  policy,  arrangements  have  been  made  for  the  special 
architectural  study  of  the  various  power-house  structures  which  have  been  worked 
out  in  connection  with  the  investigations  described  herein  from  an  engineering 
standpoint.  The  students  of  the  Architectural  Department  of  Toronto  Univer- 
sity were  invited  to  compete  for  a  small  prize  in  connection  with  a  suitable  design 
of  a  typical  power-house.  The  results  of  this  competition  are  indicated  in  the 
accompanying  illustrations,  and  while  it  is  not  the  purpose  of  the  branch  to  insist 
upon  any  of  the  designs  submitted  being  accepted  by  a  company  contemplating 
the  construction  of  one  of  the  power  developments  worked  out  along  the  Winnijjeg 
river,  still  it  is  proposeti  to  insist  that  the  suggestions  offered  b^-  these  designs 
be  given  serious  consideration,  atid  that  the  architectur"'  .  jatment  of  the 
power-house  structures  shall  receive  due  attention. 

Lake  Winnipeg  to  Lac  du  Bonnet  Reach. 

Upon  the  completion  of  the  topographic  field  plans,  Nos.  I  to  10,  covering 
that  section  of  the  river  from  Lake  Winnipeg  to  Lac  du  Bonnet,  a  careful  study 
of  the  whole  reach  and  of  various  aspects  requiring  consideration  made  it 
apparent  that  three  concentrations  were  necessary  to  fully  utilize  the  fall  avail- 
able. The  governing  elevation  at  the  lower  end  of  this  reach  was  the  surface 
level  of  Lake  Winnipeg,  and  that  at  the  upper  end  was  the  ma.\imum  high 
wa  -r  limit  of  Lac  du  Bonnet. 

Tentative  layouts,  covering  the  three  concentrations  were  prepared,  and 
the  proposed  sites  at  Pine,  du  Bonnet  and  McArthur  falls,  were  again  visited 
by  the  writer  in  September,  1913,  and  were  examined  in  detail  with  a  view  to 
determining  the  general  fitness  of  the  contemplated  layouts  and  designs  to  the 
selected  locations.  Following  this,  the  final  plans  and  estimavcs  have  been 
prepared,  and  are  submitted  herewith. 

Pine  Falls  Site. 

A  study  of  the  reach  showed  that  in  order  to  secure  the  full  drop  available 
in  three  heads,  it  was  necessary  to  concentrate  at  the  Pine  falls  the  highest  head 
feasible.  Reference  to  Plates  43,  44  and  45  will  illustrate  the  following 
discussion. 
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M'la  lAI.    ( DN^IDIKAlliiN^    A  I     I'lM     I   \l,l>. 

1  lu-  (li^piisal  lit  \\  liit('imi<l  lall^  riMitiind  c.irtlul  i(iii''iiKT.inim.  1  he  mure 
Ijrotitaltlc  courM',  liad  ])lu>iial  rniidilidii^  inTiiiil  liil,  woiilil  liaxc  litni  Id  lludd 
out  till'  droj)  al  ihcM'  falls  and  i(imhiiH'  I  lie  luatl  will)  llif  I'iiic  I  all>  ili  Mlupintiu . 
riu'  corlniirs  (il  the  river  l)aiiks  alxAi'  I'iiU'  and  IhIhw  Sil\tr  l.dl-,  do  nol,  liow- 
»\ir,  allow  llif  rai^iIlK  of  tlu-  lii.idvaUr  UacI  ahiAc  ilial  |iro|iip^((|  Inn  iindir, 
ixii'pl  .11  llic  (list  ol  i.\((»i\f  lloo<|iii^  or  I  inliankiiii;.  Siiuc  llir  lainl  aloiii; 
this  viclioii  ol  till'  rixir  lia>  liciii  takni  iip  .md  i>  inultr  (  iillix  alioii.  ii  i--  imi 
doirahii'  to  incur  an>  niori'  tloodiii.n  lli.m  i>  luioarv  .  I  lie  luadv\ali  rs  of  the 
jiroposid  plant  liaM'  lutn  raixil  lo  wiial  i>  lonsidirid  llic  Iiit;lu>-1  pi  rnii^>ii)lr 
I  imi  I  in  \  iiw  of  \hv  inlirots  wliicli  w  ill  lie  affi  i  lid.  Vhv  di--|)o>al  of  W  liiti  nuid 
I. ills  i>  (oMTicI  in  llic  di-cus--ion  on  the  Dii  Honncl  ^ilc. 

Kl   \(  II    nl-    I<|\  Ik    l)l.\  I  I.Hl'l  K. 

I  he  rc.icli  (;t  iln'  ri\ir  developed  |i\  tin-  I'ine  I'alU  conienir.ilinn  iMinds 
Irom  i'ine  l.ill>  lo  the  I. nit  ol  \\  liiteiiiinl  lalU,  (Irounin^  out  ilie  M,i-.i|ua  r.i|)id> 
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and  Silver  f.ills,  and  raising  the  normal  watiT  lewl  ahove  the  Litter  li\  some 
2)i  feet.  The  rivir  hanks  throunhoiit  tlu'  reach  rise  fairK  aliruplK  from  the 
water,  and  the  tfoodinsj;  will  he  confined  to  the  nattirai  river  channel. 

Mnsqiia  rapids.-  'Yhv  Masijiia  rapids  are  situated  alioiil  P,  nn'le  above 
Pine  falls,  just  al.'ove  the  mouth  of  the  Mascpia  river.  There  is  a  normal  drop 
here  of  slightly  over  2  feet,  broken  hv  granite  oiitcro])s  whic  li  are  mori-  or  less 
submerged  during  the  high-water  season.  About  three-(|uartiTs  ol  a  mile  below 
the  Mas(|ua  rapids  another  slight  drop  of  about  1  '  2  fo(>t  takis  pi, ice  ov  er  a  second 
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granite  ridKe.     This  ridge  forms  a  fairly  large  island  in  the  centre  of  the  channel, 
and  in  several  other  places  rises  above  the  water  surface. 

Silver  falls. — The  Silver  falls  are  located  about  SI2  miles  above  Pine  :«.!s. 
There  is  here  a  drop  of  some  22  feet  in  three  well-defined  pitches,  taking  place 
in  a  total  distance  of  about  1,500  feet.  The  banks  are  high  and  abrupt,  and  the 
Silver  falls  would  of  itself  form  an  economic  development.  It  can,  however, 
be  more  profitably  combined  with  the  Pine  Falls  site. 


Silver  Falls. 


HEAD-   AND   TAILWATER   ELEVATION. 

It  is  proposed  to  regulate  the  headwater  to  elevation  750  (Water  Powei 
Survey  datum).  This  elevation  is  about  lyi  feet  above  the  normal  water  level 
at  the  head  of  Silver  falls,  and  backs  up  to  about  the  same  extent  on  the  White- 
mud  falls.  When  the  river  is  fully  developed  as  proposed,  the  headwater  level 
of  the  Pine  Falls  development  will  be  carried  to  the  foot  of  the  Little  du  Bonnet 
falls,  and  will,  allowing  for  the  necessary  hydraulic  gradient,  form  the  tailwater 
of  the  Du  Bonnet  plant.  Contour  750  is  wholly  confined  within  the  natural 
river  banks,  with  the  exception  of  about  2,300  feet  on  the  left  bank  of  the  river 
just  above  the  power  station.  Here  embankment  will  be  required.  The 
general  river  banks  will  permit  a  rise  cf  at  least  5  feet  above  this  level  without  any 
considerable  flooding. 

The  tailwater  of  the  Pine  Falls  concentration  is  practically  Lake  Winnipeg 
level  and  will  be  affected  by  the  fluctuation  of  the  hke.  A  maximum  high- 
water  elevation  of  719  is  in  evidence  on  the  rocks  in  the  river  channel  below. 
This  would  probably  indicate  the  extreme  conditions  which  may  be  anticipated. 
The  lake  level  varies  from  year  to  year;  it  also  varies  from  day  to  day,  depending 
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on  the  direction  and  force  of  the  wind.  A  normal  water  level  of  71.^  can  be 
counted  upon  for  the  greater  part  of  the  time.  This  has  been  utilize*!  as  the 
tailwater  level  throughout  the  present  discussion,  and  gives  a  head  of  J7  feet 
available  at  the  Pine  Falls  site. 

Fi.oonisi;. 

Flocxling  is  entirely  confined  by  the  immediate  banks  to  the  river  channel. 
Between  Fine  anil  Silver  falls  the  land  bordering  the  river  has  been  setlleil  and  is 
under  cultivation.  As  the  banks  rise  rather  abruptly  from  the  water's  edge, 
little  of  this  land  will  be  flooded  by  the  profMjsed  development.  Above  Silver 
falls  the  banks  arc  steep  and  rise  to  a  higher  elevation,  while  the  land  is  unsettled, 
the  whole  being  covered  with  a  thick  growth  of  jwplar,  spruce,  and  birch.  In 
all  about  375  acres  of  steeply  sloping  land  will  be  submerged  by  the  raising 
of  the  water  level.     An  item  covering  this  is  insertetl  ir  '  he  estimates. 

The  Pine  Falls  site  offers  fair  pondage  facilities,  there  being  an  area  of  2,598 
acres  of  water  surface  from  the  plant  to  the  foot  of  the  Whiten  ud  falls.  This 
will  be  increased  by  an  additional  1,044  acres  after  the  Whitemud  head  has  been 
added  to  the  Du  Bonnet  site,  and  will  provide  satisfactory  facilities  for  handling 
peak  loads.  The  value  of  this  pondage  to  the  plant  can  best  be  illustrated 
by  stating  that  1  foot  draw  will,  in  conjunction  with  20,000  second  feet  regular 
flow,  carry  a  four-hour  j)eak  loa<l  efjuivalent  to  the  full  extent  of  the  proposed 
ultimate  installation,  i.e.,  100,000  horse-power.  In  this  connection  it  is 
advisable  to  emphasize  the  necessity  of  some  degree  of  Crown  supervision 
over  any  dam  or  po>ver  development  controlling  the  outlet  of  Lac  du  Bonnet, 
19  miles  above  Pine  falls,  since  an  abrupt  storage  of  water  in  this  lake  will  most 
adversely  affect  the  powers  on  the  river  below.  On  the  other  hand,  properly 
suiiervised  regulation  will  result  in  material  aid  to  these  powers. 


ICE   CONDITIONS. 

The  proposed  Pine  Falls  plant  will  draw  water  from  a  deep  tjuiet  jMnd 
direct  into  the  turbines,  with  a  minimum  disturbance.  This  pond,  ice  covered 
in  winter,  and  varying  from  ^  to  i* 4  of  a  mile  in  width  and  from  55  to  60  feet 
in  depth  for  the  first  6  miles,  extends  up  the  river  to  the  foot  of  Whitemud  falls, 
drowning  out  all  intermediate  falls  and  rapids,  and  hence  doing  away  with  the 
present  tendency  to  form  frazil  ice  at  these  points.  Any  such  ice  which  may- 
be formed  at  the  Whitemud  falls,  either  before  or  after  the  construction  of  the 
proposed  channel,  cannot  affect  the  Pine  Falls  plant,  9  miles  below.  The  dis- 
charge from  the  power  station  takes  place  directly  downstream,  and  the 
unobstructed  channel  should  prevent  any  choking  of  the  current  by  the  formation 
of  ice  jams  or  barriers. 

The  layout  proposed  will  tend  to  naturally  discharge  all  floating  ice  and  drift 
through  the  four  ice  sluices  provided  on  the  left  bank,  and  th^  jioping  concrete 
curtain  with  bottom  elevation  2  feet  below  regulated  pond  level,  will  amply 
protect  the  racks  from  all  such  floating  material. 

Il  is  considered  that  the  operation  of  the  Pine  Falls  plant  will  prove  to  be 
entirely  free  from  ice  troubles. 
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<,{  the  pdwir-housi'  site.     1  i.iH  -t-        i 
utilized  in  tlie  eMimates. 

I.AYOIT. 

■  ,        1  .,t  this  Mte    an.l  the  one  finally  de.i.le.l 
Vartcus  lay..uts  uere  cnsulered  a    tl  t^    ■      •  _^^_^^^  ,avatUa,eous use 

,„..„  as  iHitt,  the  .nost  eeononncal  as  -  -  ^^  '^  |  ,,  -n,,-  general  lasuut 
j  the  natural  features  ..(  the  ^^'^^^^^^^^  Z^^,  Hne  runni...  dia.onallv 
,,f  ice  sluices,  p.nver-house,  and  <>-"  '^  „  ;/,,^,,  i.laud  elose  to  the  left 
across  the  river,  the  po^ver-house  ^'^-^^  -'  ^  ^      .,,^^  ,„i,,,ay  and  spillway- 
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Tliin  is  nut  .inti('i|>.iti-(l  >iiu't>  ani|iK'  (lixcli.irKiiiK  ('a|).i('ii\   i-  pruxidt'il  Ixluu  tin- 
cri'vi  (if  tin-  spillway.     All  ^trll(•tllr^•H  liavc  Ihtii  (Ic^iymd  in  ina^^iM'  rum  rrir. 

Sfnlliiiiy  siilion  of  ilnni.  'm  unirr  thai  iluri-  ma\  In-  >.iittirirni  <.|iilK\.i\' 
caparity  to  aiitumalii  .ilK  can'  fur  >iirli  Middiii  (IuimU  .is  ni.i\  mcur  .11  times 
wlirii  fur  aiis  rtasuii  ilic  sluin-.  inay  \iv  iicnliTtfil,  .id\  aiit.ik;i'  li.i-i  lictn  l.ikcn 
uf  till'  K"">  ""  •!'•'  riyli'  I'.iiik.  I  lif  spillw,  y,  will:  rrtst  .it  75(1.  li.is  luiii  pru- 
lull^J(•d  uMT  the  liiuli  uruimd  lu  a  total  Iftijjili  uf  77.^  feet.  I'lu'  yiilK  funned 
l>>  the  <  reek  Ih'Iuw  the  >>pillw.i\'  pru\  ides  a  (  haiinel  w  hereiiv  ,ill  dist  li.irye  «  hii  h 
m.iy  occur  over  tlie  ■  .line  cm  lie  c.irried  tu  thi'  river  lulu.  .  .\1ium'  ilie  spiljw.iv 
ilie  uM-rhinv:  m.iterial  h.is  lieeii  e\i.i\.iied  down  lu  7i5.  ur  .^  feet  luluw  w.iler 
level.  Heluw  ihe  spilU\a\  the  l.iryer  p.irl  uf  the  e\i  .i\  .iliun  necess.irx  lu  pru\  idc 
.111  iinulistructed  discharge  can  lie  K-fi  lu  ilie  .iciiun  uf  iju-  w.iiir.     Over  the  liiyh 


\l(«kl  of  I'ropDsid  Pino  I'.ilU  [.ayout. 

icruiind  liie  ruck  has  i)i>eii  assumed  at  elevatiun  740,  ur  fruin  10  to  15  f<et 
beluw  the  natural  siirf.ue.  This  assiimi)tiun  is  fulK-  warranted  Ity  the  f<iriii.iiiun 
uf  the  natural  Kr.mite  which  uulcrups  un  llu'  surface  aliuut  100  feet  ii|)slreaiii 
from  and  parallel  to  tlie  spillwa\-,  and  uutcnjps  also  in  the  giilK  Iieluw. 

l-'ish  ladder  and  Lo'i  slide.-  A  fish  l.iilder  and  log  slide  .iro  located  ai  llie 
jiinctiun  heiween  tin;  s])ilhva>s  and  the  sluicew.i\  s,  and  are  acct^^.il.K'  hy 
means  of  the  platform  over  tiu-  l.itter.  Siiitahie  pruvisiun  can  ri'adiK'  lie 
made  for  huominj;  loj;s  to  this  jjoint  on  the  dam. 

Sluiceway  section  nf  dam. — The  sluicewa\-  section  of  the  dam,  consist inj; 
uf  twenty  20-foot  shiices  with  sills  at  elevation  735  (plate  45),  is  located  adi.icent 
to  lilt!  iMiwcr  station.  A  motor-driven  winch  for  handling  stojiluys  is  in(iu<!<d 
in  the  estimates.  The  sluiceway  deck  has  its  bottom  e!e\ation  at  755-5,  allowing 
5' J  feet  clear  .ibove  the  regulated  pond  level. 

Rock  has  been  assumed  .it  elev.ition  715  to  6')5,  the  lowest  section  bei-"; 
adjacent  to  the  jMJwer  si.uiun.  At  tliis  jtuini  the  set  of  tile  current  indic.ites 
consitlerable  depth,  and  the  assumptions  m.ide  have  taken  note  of  tlie  same. 
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p,rurr  slatinn       Tlu-  ,H,«.r  Ma.i.m  f,.l,  •  h--  Ik-.,  .l.-s.^m.!  lo,  >...«.- 

rnnmr   v.r.i.al   turl.in.s  ..(    |..,.MH.  l...r      r  .■.„,...  .,>    a.    fu  I    k.U.-.      I  ..■ 

I  ...r  ,.assaK.>  .ua^^ary  ...  <  arry  .lu-  N.a.,r  ...  au.l  (r.-.n  .lu-  .uri.m...  a.  .ht- 
„.i.Ml,l.-  v.!...i.uv  Tin-  .•l...ri.al  a.ul  aKula.in«  .•.,...,.»..■,..  hav  l..n. 
imHiiiiu-.l   (.>r  f'.imaiiiiK  iiiir|H.sir,  only. 

tU  ra.  k<  an.l  lu.a.Uv..rk.  have  Uvn  h..us...l,  a,..l  a  .!..,....«  .-.u  r-,..  .  ur.an 
ar..ui..l  .In-  fa.  c  ...  .!»■  i-n,ra,v  -  pu-rs  (..rn.s  a  ,,r......  .i....  a«ain.l  ll...i..n«  ,.  .•  a..U 

H         Th.  n....r  ..f  .!"•  h..a.Uv..rks  h a,  .U  va.i-..  7.^7  .^  n,n,u....l  w..h  <   .• 

1  ft  Lank  l.v  .n.ans  ...  f.,ur  .U.  k..!  i.  •■  slui.  .s  an.l  a  .  ..r.^all  o.nhanknu.n..      I  h. 
:  Jr    ..r  .l....r  a.  .■l.va.i..n   741    U  ...nn......l  will.   ,!..•  nv.r  l.ank  l.y  .ncan. 

(      :,....l  l.ri,l..    M..nmin.  .1...  .l.ann.l  l...l.,w  .lu-  io-  .luuv.      1  lu-  hr.    ....... 

,lH.s..  sluircs  ha.  l.»vn  .-x.....!..!  -l.-w,.  s.r.an.,  an.l  .h.  «..mTat..r  ll.H.r  haO...  n 

nr...hu.'.l  ..ut  ..v>r  ,he.  sanu..  tr.a.inK  a.l.li.i..nal  ll....r  s,u.v  .n  .h.-  ,H,.c.r.h..us.. 

r;  .lu.  .li>,H.siti..n  .,f  .na.hi„.ry.  H.-.     'r.H  .Irau.h.   .nho  s.-al  ..  at    .lc.va....n 

7..H,  .he  .liMharKc-  taking  i-larc  .lir.rtly  .l..wn  tlu-  r.v.r. 

The  e>.ima.es  f..r  .he  iK.wer  Ma.i....  have  beet.    al.  ulated  f..r  t«<.  MaKts  "f 

'""mTn!^/ ./.TWopn.,..  -Thi.  consist  .,f  ,he  mx  ..u.er  nni.s.     The  tt.rln... 

e.,nsi.lered  have  a  capari.y  ..f  10,00.)  h..rs.-.,.ow.r  a,  full  na.e.  an.l  the  eleUr.cal 

"    1  .    ..n  ha.  l,een  selee.e.1  with  .he  ....r.nal  fnll  l.-a.l  n.rres,K.„<hnK  to  A  «a..- 

K      ,«  on  the  iurhi..e«.     The  initial  ins,allati..n  of  mx  u.n.s  M.pphes  st.tt.e.enl 

ZZu^c^^  to  utilize  12,00,.  .ec.n.l-feet  at  .U-fo.,t  hea.l  with  turl..nes  at 

k'     c';    eftkiency  an.l  A  .a.e,  a...l  leaves  one  unit  as  a  spare    or  emcr- 

Lcic-     The  otuput  availal.le  on  .he  l.,w  tensi..n  sw.t.hl...arcl  on  a  .5  jht  cent 

ove  'alt  effieiency'an.l  a  24.h..ur  l.a.i.  i.  37..H,(.  horse-power.        he  est.num. 

for  the  initial  development  inclu.le  the  cons.ruet.on  of  the  l;-;l--ks  "^       c 

remaining  f.n.r  units  to  a  sutV,.ie,..degee  to  support   the   st..pl..Ks    Kavn.g   th 

balance  ..f  the  bays  to  be  comi.leted  when  re.piire.l. 

(2)  Final  dnelopment. --Th\s  will  consist  of  te.t  10,000  hors^-powr  un.ts, 
,Uef..t;r  a.l.litional   hei...  ad.le,l  to  the  landwar.l  end  of   the   '-^  ;-;;'^  ;;;^-; 
The  ten  un.ls  will  supplv  .nachine  capacity  f..r  the  u..i./a..on  ..   20,(00  second 
le    .     .^Moot  head,  with  turbines  consi.lere.l  at  A  ,ate.     Th.s  .ns,alla,..,n  w 
un.ler  thes.-  con.li.i..ns  pr.ni.le  a  spare  unit  for  e,nerK...nc.es.      •  he  output  at  the 
!!;•  hl,..ar.l  at  73  per  ce,.t  efficiency  an.l  on  a  24.h.n.r  bas.s  .s  6,U0..  h.-rsc-  p..we.^ 
Ue  sluices  and  ro«J-uav.-  Connecting  the  ix.wer  station  .ith  the  l.ft  bank 
are  four  ice  sluices,  followe.l  by  a  corewall  e.nbank.nc.t.      1  he  L.cat.. m  ..f  th  sc 
sluices  is  such  that    their  operation  will  pn,.lu.-e  a  current  alon«  ,he  fa.-e  of  the 
l^r      at^on.  te.uling  to  lutomatically  clear  the  f.,rebay  o    .l-K.t.nK  .natcr.a 
ThTLin  floor  of  the  generator  room  is  connected  w.th  the  h.,h  «roun.l  by 
means  of  a  steel  bridge  spanning  the  discharge  channel  below  the  sh.,ces. 

Ewbankn,ent.~-Tho  conf.urs  of  the  left  bank  necessitate  the  construct.oti 
of  a  Tow  embankment  upstream  for  a  distance  of  about  2,.?00  feet,  to  co-hk-c 
with  contour  755.     While'this  embankment  may  not  be  necessary  with  the  yxMU 
r   regulated  level,  it  is  required  to  protccr  the  land  to  the  rear  ..t  t.mes  who., 
Je  pond  is  above  normal  level.     In  the  layout  submitted  U  has  been  made  to 
serve  the  purpose  of  a  sailing  bank,  leading  to  the  upper  entrance  of  the  lock. 
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A  m..n'  a.,  uratr  .in<l  .U-talliHl  »urvfy  on  tlu'  nmunA  mav  sU„s,  ilui  tl.i.  .int.ai.k- 
„t  intu.t  miuirfl.     l'r..viMon  ha.  lu.-n  alU.witl  for  it  in  tlu  .M.n.at.  -.     l»rain- 


IIU 
a«t- 


i)f  thf  land  lo  tlu-  nar  is  a  sinii)!''  malt.  r. 


Pini'  r.ilU,  Main  Drop. 


Pine  FalU.  Main  Drop. 

1)I>C1IARI.1':   CAPACriY. 

At  regulated  pond  level  the  sluiceways  of  the  dam  will  dixhariie  92,000 
second-feet.     In  addition  to  this  the  discharge  ihroiigh  the  (.owor  ?ra:!..:!  amoants 
to  12.000  second-feet  in  the  initial  and  20,000  second-feet  in  the  final  nistallation. 
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Wliili'  this  latter  !■<  tint  cnnsidcrcd  tn  Iw  .i  sourer  of  <liMli,irne  av.iil.ihlr  at  all 
timo,  it  m\rrtlu'li'N--  form-'  an  adilitimial  factor  of  safety. 

Altliouuli  till-  ahovo  proxidcs  ample  slui(i'\va\-  di-.(liarnf,  it  would  nut  he 
wiM-  to  di'|K-iid  wliolK-  on  infcii.mical  or  mamial  o|HTalioii  to  care  for  tlir  tliictiia- 
lioii-  of  till-  riviT  (low.  A  775-fiH)t  -ipillway,  with  <  rrst  at  75(1.  ^i\i>  tin-  iir<i»ary 
.iiitonialif  chick  <iii  the  ixiiid  Icvi'l.  Three  fi-it  o\  tr  the  cre«t  will  di>charKe 
1,?,()()0  Necoiid-feet.  The  tot.il  discharKinn  capai  it\  at  thi-.  latter  elevation,  with 
all  sliiice>  open  and  the  power  --laliott  in  full  operation,  i-^  l.<5,ll(H»  >econil-feel. 
The  rixiT  i*  not  Mihject  to  siiddiii  floods. 

tN\v.\ri;Ki\<;. 

Alternative  schi  me>  '^f  iinw.iterin>{  nia>  lie  adopted  in  the  ( on^lriiciioii  ot 
this  ])lant.  the  selection  ot  the  metho<|  de]H■ndin^;  largeK  upon  the  proMenis 
of  coii-triiction  which  will  arise  when  .ictiial  operations  are  started.  Siiltirieiil 
lolferdain  >  ard.ise,  to^;ether  with  ample  |)ro\ision  for  piimpiiiK.  has  liien  allowed 
i.i  the  e>timates  to  comt  this  work.  No  sju'cLd  dilliculties  .ire  aiiticip.ited  in 
this  '       lection. 

N.W  lo.MtoN. 

At  the  Pine  Falls  site  no  ditticult\  will  In-  experienced  in  insi.illini;  fiitnre 
lockage  facilities  on  the  left  hank  below  the  power-hoiiM',  should  the  s.ime  ever 
liecoine  necessary.  .\  s.iiling  hank,  liuilt  up  from  the  m.iteri.il  e\c,i\,ite(l 
froTii  the  approach  to  the  lock,  v '11  pr  itei  t  the  upper  entr.iiue  frrim  the  el'lects 
of  aiiN' draw  tow.irds  the  power  station.  The  lock  depicted  is  , ^1)0  feet  l)y4()fiet, 
with  15  feel  of  water  on  the  sills;  a  larger  lock  could  ascomeniently  lieconslriicted. 

The  lock,  with  apiiroaches,  can  be  consiructecl  at  an\'  time  in  the  future 
without  in  any  way  interfering  with  the  operation  of  the  [xnver  plant,  nor  will 
the  provision  for  it  incur  an\-  I'Xtra  ex|H'nditiire  in  the  ]iri'seiit  construction  ot 
thei)lant.  On  the  other  hand,  the  iiresent  const luction  of  thi'  jxiwit  installation 
will  not  ])lace  any  obstacles  in  the  wa\  of  the  future  constniclion  or  oper.ilion 
of  the  lock.  No  [lorlioii  the  cost  of  the  lock  or  ai>proaches  is  included  in  the 
estimates  for  the  ])ower  diMlopinent. 


i:sTiM.\ii;s  i)|-  COST. 

The  following  estimates  of  the  cost  of  the  initial  and  linal  in-~tallaiions 
place  the  power  on  the  low  tension  swiiihboaril  in  the  power  station.  The 
estimates  are  considered  to  be  amply  consetvative  and  all  assumptions  which 
have  been  necessary  are  fulK'  warranted  by  the  conditions  on  the  ground.  It  is 
understood  th.it  a  r.iilw.iy  h.is  been  projected  and  partially  located  from  Winnipeg 
to  the  \icinity  of  I'ine  falls.  Should  this  railway  be  built  l)efore  constructioti 
operations  on  the  power  ])lant  arc  started,  it  will,  of  course,  be  utilized  in  connec- 
tion with  the  same.  Should,  oti  the  other  hand,  the  railway  not  be  built,  a  direct 
connection  w  ith  Winnipeg  is  to  be  had  by  water  transijortation.  It  is  understood 
th.it  lO-foot  navigation  is  available  up  the  river  to  the  tail-water  of  the  ])lant. 
An  item  has  been  placed  iti  the  estimates  for  the  construction  of  a  dock,  with  the 
necessary'  app.iratus  for  laniling  heavy  material  and  for  transporting  the  same 
to  the  site  of  constrtiction  oiH'r.itions. 
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Till  per  iiiit  |i.i>  Ihcii  allowiil  in  ilu-  i>,iim.iti-,  for  rciiitinKfiicifs.  5  \»r  t  iiii 
of  lliin  total  forciiKincring  .iii.l  ins|K'(  tion,  anil  5>,  iHrirnt  of  tlio  vsliulr  fur  ..n,. 
ye.ir,  for  iiticri'st  dnriiiK  (i>n>>trii(iioii. 

Tlu'  annual  o|Krali.m  costs  iiii  liuli'  capital  i  harm's,  an.l  npriMiit  the  up,r- 
atiiiK  charts  at  the  ]>..\vir  station.  Tluy  do  not  iiRlude  tran-forniinK  .>n.|  Iran-  - 
mission. 

The  cost  nf  (IcliMrinv;  I«>\vlt  to  Winnip. •^;  from  Mii:  site  is  covere<l  f.wanK 
the  end  of  this  chapter. 

(1)   Initial  Development,     (siv  1  (»,()( )()-hor-.epo\ver  units.) 


Dam  aiiil  ciiuiiirarnt .,,,  „„ 
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Inlirest  (luririK  loiijltuitlDn,  .S',  iHT  (eiit   .  <7iiiin 

HoouiliK  ilaniaiifs '■..'.'.'.'.'.'..'.'.'.'.'.'.'.'.['..'.'.'.'...     Sn.nm 

Total  initi.il  tu-it ~"    '         t 

Twfnly-four  hour  power  available  at  7S  ikt  unl  ovi-r  all  .ffi.  icm  y,  17,M(X)  horiciunvir. 

Capital  lost   per   -M-hniir   lior-i'i.owci..   .  . 

I  al.ital  lo^t    IKT    JTiMalUd  h<ir-.;i">Mr ■.■......'.'.'.....'..'".    
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.2)      AnnuiilCuU  n/Ol^rrjti,m. 

Inlori-st.  sinking  fund,  an.l  ili-imv  i  iiicm  i  haracs— 

Intrrcst.  .^ij  |)er  cent  on  H.()S;,|)()()  ,     ,  . 

Sinkinii  lunii,  4  per  cent  (4l)-vi-ar  ho.vls), . ..  

Ueprptialion —  

1  [wr  ri-nt  on  ponnancnt  work^ •  to  f^^t 

4  per  cent  on  mai.  Innery,  etc ..\  .......... ,..,'. ,1(,  iHIl) 

Oiwration  charges — 

su;5[,ii^s..::::;::::::::::::::::;;:::;::::::::;:;;:;::;:;;;;:  ;;;; » Ji;;^^ 
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Total  annual  cliaige. 


Annual  cost  per  horsfixiwcr  year,  24- hour  jHiwer 

Annual  tost  jut  liorscjowfr  year,  inacliinery  installe!'..'. .'. . . . .'!!!!.!"!!![!!] 

Annual  lost  per  Kilowan  hour q. 

Annual  lost  per  Kilowatt  hour  on  basis  of  50  per  cent  io.ui  factor. .... ! .'..'..'.'.'.....  .A)- 
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122  .vnt. 
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(2)  Final  Development.-- -(Ten  lO.OOO-horsepower  units.) 


^  1 )     Capital  Cj.<I  of  /mtallalioH. 


Dam  and  equipment. 
Ice  sluices. 


Tower  station  and  equipment 

Hydraulic  imstaltation 

El'Ctrical  installation 

Dockage  facilities 

Permanent  quarters 

ContinKcn.  its.  10  jier  cent ...... 

EnRineerinK  and  inspection.  5  per  cent 

Interest  duiinjj  construction,  .S'i  percent 
Flooding  damages 
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ftl.lHKI 

•JSS.iXH) 

9(X).IMI0 

.itXI.OOO 

.SO  000 

2S.000 

358, 0(K) 

197. OIK) 

227. 0(K) 

50,000 


To*  il  final  cost ft. 


407,000 


Twenty-four  hour  power  available  .it  75  i«t  cent  over-all  efficiency.  63,103  horsepjwcr. 


Capital  Cost  per  24-hour  horsepower. . 
Capital  cost  per  installed  horseiKjwer. 
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UinnififR  River  Power  a.       ^tora^f  ImfiliKalions 
(2)  Final  I  kvelrtjmifnt.  -  (Ten  10,00()-lior«{Mmtr  units)     ( ■„„. 

ill        AhMUuI  t   Oii  ../  ti^ff.tlflH. 

I  itirr^l,  ninkinii  (unJ.  .in.l  .liprr.  utinn  .  h.ifKo  — 
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[')>) 


•071 
III  iW  y.Mr  lj.111,1. 
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Du  Buntiet  Falls  Site. 

I'^^'s-ifK  IH.w.T  appli.-.ition.  iK.forc.  th.'  .It-partnu-nt  ...ll,.!  fur  a  (uM  .„rv,v 
..f  the  I  u  n..nnH  falls  as  ,1,,.  (irst  st.p  in  the  systoma.i.-  stu.lv  uf  ilu-  whuU. 
riv.T.  I  his  work  was  ,arri..i|  .i„  thn.UKhout  the  winter  s,  a.i.n  .'if  l-)1 1-1  '  \ 
.o".prelH.„Mve  stu.Iy  .,f  tlu-  l.e^t  means  ..f  ...ntrullinK  an.l  ,|evel.,pin«  .he'  ])„ 
l....,net  falls  was  no,  possil.le  with.iut  inelu.linK  in  the  fiel.l  w..rk  the  entire 
reach  fn.m  Lake  \\.nni,H-  level  t..  l.ac  ,lu  n.,nnet.  It  was  neeessarv.  in  ..r.l.T 
l«  conserve  the  full  p.nver  .,f  th.-  river,  and  ,„  assure  the  m.is,  etrt.  i.n,  ,U.v..|.,p- 
.nent  of  the  entire  lusul  availalile.  tha,  each  c..„.  entration  sh,.ul.l  he  .  ..nsi.len  ,1 
"<-t  only  from  the  sta.ulpoint  of  its  in.iivi.lual  economic  . level.. pmen,  le.i  al... 
as  ...rniinK  a  component  part  of  a  complete  hy.lro-electri.-  svstem.  Heiuv  th.. 
perm.sMblc  head-  and  tailwater  l..vels  of  the  Du  H.,nn..t  site  w.re  lar„.|v 
de,x.nd..nt  on  the  limiting  water  levls  of  ,M.ssihle  .  ..ncentrations  of  he,  Soth 
al).>ve  ami  t.clow.  This  consideration  was  particuiarlv  f.ressing  in  view  ,  the 
nature  ol  the  power  applications  before  the  department  coverii.K  this  reach  of 
ine  ruir. 

SP1£CIAI.   COXSIDF.RATIONS    AT    DU    BDNNKT    I  ALLS. 

At  the  commencement  of  the  fu.|.l  investigations,  an  appli.ation  was  l.efor. 
the  .lepartment  looking  to  the  ciuvntralion  at  Du  Monnet  falls  of  the  entire 
.lr..p  of  tiie  nver  bel.nv.  The  method  propose.l  was  to  blast  awav  ti...  rock  ri.I,..s 
at  UhitenuKl  falls,  Silver  falls.  .Mas,,ua  rapi.ls,  an.l  l>i„e  falls,  an.l  therebv 
ower  the  Du  Bonnet  tailwater.  The  pr..p..sal  was  not  base.l  ..n  tield  sur^■e^: 
but  was  .leerned  f.-asible  by  the  appli.ants  because  of  the  .leep  lake-like  expanses 
which  occur  between  each  fall  an.l  because  of  the  .listinct  rock  ri.lue  whi.h  i,  in 
evi.ience  at  each  drop.  The  preliminary  inspection  trip  bv  the  departm..nt 
engmeers  was  sufficient  to  defrmine  the  impiacti.abilitv  of  ihis  pro,H,sal.  The 
best  disposal  of  W  hiteniud  falls  was  a  matter  re.piiring  more  .letaile.l  .-onsi.lera- 
iion  Ijet.ire  being  finally  determined. 

A  second  application  before  the  .!e,«rtnunt  inv.,lv...l   the  raising  of  the 

headwater  of  the  Du  Bonnet  falls  (normally  ,S()4  ,  to  815. S.     Sn.h  a  ,1,  v/.l ,...„. 

vsuuid  leave  at  the  McArthur  tails  an  umise.I  head  of  11.5  f.,,  which  ouldnot 
he  e.(momically  develoi^ed. 

'This  site  i,  bei„«  devoloi^d  by  ,1,.  Winn,,  es  Rivc-r  Tower  Company,  .ee  appendix  U. 
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« hit-  of  (he  prim  ijial  vtuU  ki-pt  in  vit-w  by  the  field  etiKincers  was  to  awerfain 
the  |K,Nsi|,ilitx  „f  (f.mpletelv  H.KMliiiK  „ut  the  two  M.  Arthur  falls  and  of  (uiue,i. 
tratiiiK  tiuir  drop  at  the  Du  Hoimei  falls,  thus  securitiK  a  head  of  some  75  feet. 
The  results  of  the  surveys,  ax  ran  In;  »et»n  ».y  reference  to  topoKraphic  shi-,-t» 
7.  H,  9.  .ind  to.  Volume  II  of  this  re|n,rt,  definitely  determined  that  this  was 
unpr.Kticihle.  the  elevation  and  nature  of  the  ground  on  huth  river  hanks 
IniiiK  entirely  unsuite.l  to  the  project,  and  necessitating  the  construction  of  a 
very  extensive  system  of  heavy  emh.mkments. 

The  raising  of  the  heatlwater  level  to  elevation  815-5,  as  prr)|K)si(l  in  the 
8ec«md  application  referred  to  above,  was  for  similar  reasons  considered  imprac- 
ticable. A  full  study  of  all  the  conditi.ms  and  interests  involved  resultid  in  the 
layout  and  governing  elevations  submit tt>d  herein. 


:.  i 
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Little  du  nonnit  Falls. 


I 


REACH    t)K    TIIK    RIVtCR    Hl,Vi:i.<)PKt). 

The  reach  of  tiie  river  developed  by  the  Du  Boiuut  falls  concentration 
includes  Whitemud  falls,  Little  Du  Bonnet  falls,  the  four  drops  of  the  C.rand 
du  Bonnet  falls,  and  the  raising  of  the  normal  headwaters  of  the  latter  about 
3  feet.  The  pf)wcr  station  has  been  placed  immediately  below  the  Little  du 
Bonnet  falls,  with  the  dam  spanning  the  river  along  the  crest  of  the  inich.  The 
Whitemud  Falls  drop  is  added  to  the  devtloiK'd  head  by  blasting  out  a  channel 
through  the  rock  ridge.  The  total  drop  of  the  upper  falls  is  securcfl  bv  flooding 
back  from  the  dam. 

Whitemud  /a//i.- -Whitemud  falls  are  located  about  3  miles  above  Silver 
falls.  There  is  here  a  normal  drop  ■  t  14  feet,  practically  all  of  which  takes  place 
m  a  distance  of  900  fouL  The  banks  rise  ab.npliy  from  2(i  to  25  feel  above 
the  water  surface.  The  natural  granite  outcrop  is  continuously  in  evidence 
on  both  river  banks,  and  also  throughout  the  river-bed. 
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/.(////■  du  Bonnet  falls.  The  l.itiU-  <l(i  i;..iin.t  falls  iKc\\r  alM>iii  ,*  mil.-, 
alH)ve  WhitemiKl  falU,  thin-  UiiiK  Iut»-  a  normal  drop  of  H  f.vl.  Ilu-  ilrop 
is  abnipt,  prarti.alK  the  » lioli-  lakiiiK'  |>la(f  in  oiir  pit.  h  R.ipi.l  ami  l.rok.ii 
watir  .xt.nils  aJH.ut  .\m  l.i-t  ahow  ilu-  main  <ln.p.  The  usual  uranitt-  f.>rmalini, 
jH  in  ivi.lfiui-,  with  tlu'  l.anks  rixinK'  to  ,?5  fttt  ..hovf  ih.-  w.,i,r  in  ili,- 
imnuiliati'  viiinity  of  the  rivir,  and  to  5ll  and  Wl  f,-,t  a  sliorl   .liMaud-  inland 

Grand  dn  Bonnet  falls.  The  lowtsi  pitrh  of  the  tlrand  du  Honntt  falU  lak^•^ 
place  thriT-'iuarUrs  of  a  mill-  alnm-  the  Little  du  Honn.l  falls.  1  here  is 
htTf  a  total  drop  of  .?,S  feet,  oi  curriiiK'  "n  four  distinct  piniu-s  of  5  fed,  H  feet. 
«  feet,  and  7  feet,  resi>ertively,  with  broken  and  rapid  wat.r  l.ilw.rn.  The 
whole  drop  takes  place  in  a  distance  of  4,tM«)  feet,  measnr<-d  alnns  ituMentre 
line  of  the  river  channel,  and  forms  the  most  comi-act  nn.up  of  falls  on  the  low.  i 
river.     A  few  islands  of  var>  ing  size  break  up  the  falls. 

Towards  the  lower  (Mirtion  of  the  f,ills  the  i..inks  ate  steep  and  vary  from 
.<.S  to  40  feet  in  luiuhl  in  the  imnu.li.ite  vicinity  of  the  river.  Above  the  u[i|Kr 
pilch  the  b.inks  are  from  H  to  10  feel  above  the  watei  Mirf.ice.  The  usu.il  roik 
formati(jn  is  in  evidence  on  all  sides. 


DlSl'OsAI.   Ol-    WIIIIIMn)    I   u  l.s. 

Thedis|M)sal  of  V\  iiitemud  f.ills  has  been  briefly  referred  to  in  the  .Hm  usMon 
on  the  Pine  Falls  site,  h  was  there  pointed  nut  ihat  the  c  untours  immediaieh' 
.d.ove  Pine  falls  prevent.-*!  the  incor|M.r.iiion  of  the  Whiteinud  drop  uith  tin- 
head  develoi)ed  at  the  Pine  F.ills  site. 

Tile  river  banks  above  Silver  f.ills  would  iK-rmit  raising'  th>-  w.ii.-r  level 
to  elevation  875,  giving  a  head  r.f  about  48  feet.  Such  an  i-levation  would 
flocKl  out  Whitenuid  falls.  Little  du  Hoimet  tails,  and  the  h.west  pitch  o!  the 
C.rand  du  Bonnet  falK  This  woul.l  undoubtedly  form  a  ver>  proht.d.le  d.vc-lop- 
ment,  amsidered  as  an  in.lividual  project  without  reference  to  tlie  b.il.m.c 
of  the  rivi-r.  It  would,  on  the  other  hand,  leave  only  some  12  feet  to  be  develoiM-d 
at  Pme  falls.  This  of  itself  would  nf)t  be  commercially  attr.ictive  in  view  of  the 
comi)eting  sites  in  the  river.  At  the  s.im.-  time  there  would  be  left  some  -^2  feel 
bitween  elex.ition  875  ami  the  high  level  of  Lac  du  Bonnet,  which  could  onK 
be  developed  in  two  heads  of  .?,?  and  18  feet,  res,K-ctiveh-.  The  net  result  on  I  Id's 
reachof  the  river  of  concentrating  development  at  Silver  falls  would  therefore 
be  four  c<mcentr.iti(,ns  of  12  feet.  48  feet,  ,V?  feet,  ami  18  feet,  as  opix)sed  to  the 

ihre.:  concentrations  of  37  feet,  50  feet,  and  18   feet,    which    are    recommended 
herein. 

The  14-foot  head  available  at  Whitemud  falls  would  rentier  fe.isible  the 
development  of  the  f.dls  as  a  unit  should  no  other  dis|M)sition  of  the  drop  be 
available,  although  on  account  of  the  low  head  such  a  utilization  could  only  be 
made  at  a  high  unit  cost.  A  careful  study  and  detailed  held  survey  of  the  falls 
show,  however,  that  the  drop  can  be  practically  elimin.ited  by  means  of  a  channel 
(l)late  46)  cut  through  the  ridge  forming  the  river-bed  through  the  falls.  That 
this  proposal  is  practical  is  due  to  the  typical  rock  formation  of  the  reach.  The 
basin  above  the  falls  is  in  places  70  feet  in  depth,  and  except  at  one  jxjint  referred 
to  hereafter,  will  permit  without  any  ill  effects,  the  surf.ice  drop  contemplated. 
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'Ihe  soundings  which  have  been  secured  above  and  throughout  the  falls 
clearly  and  definitely  locate  this  rock  ridge,  and  are  sufficiently  complete  to 
permit  of  an  estimate  of  the  quantities  involved,  and  to  assure  the  feasibility 
of  the  construction  of  a  channel  of  sufficient  dimensions  to  lower  the  upper  reach 
and  add  the  drop  to  the  Du  Bonnet  concentration. 

The  south  side  of  the  river  appears  to  offer  the  better  opportunities  for  the 
excavation  of  such  a  channel.  Estimates  have  been  made  covering  the  cost 
of  a  cut  150  feet  in  width,  and  of  sufficient  depth  to  carry  25,000  second-teet 
at  a  velocity  of  about  4  feet  per  second.  This  channel  will  be  1,700  feet  in  length, 
and  will  involve  the  removal  of  263,000  cubic  yards  of  rock.  Under  conditions 
of  normal  flow  it  should  carry  the  discharge  with  a  drop  of  about  0-3  foot. 

The  removal  of  the  Whitemud  falls  will  result  in  a  rapid  current  in  the 
vicinity  of  island  No.  2,  a  short  distance  below  the  Little  du  Bonnet  falls.  Under 
present  conditions  of  river  run-off,  the  river  channel  here  becomes  choked  with 
accumulations  of  ice  during  the  winter  season.  Lowering  the  reach  10  feet  will 
accentuate  the  conditions  favourable  to  the  deposition  of  ice  at  this  point.  On 
the  other  hand  the  flooding  out  of  the  Du  Bonnet  falls,  and  the  replacing  of  the 
same  by  a  dee|)  and  extensive  pond,  will  largely  reduce  the  present  tendency  to 
produce  frazil  ice,  and  tend  to  better  the  conditions  at  island  No.  2.  Before  the 
efl^ects  of  lowering  the  reach  10  feet  can  be  finally  determined,  a  further  investiga- 
tion should  be  made  in  the  vicinity  of  the  island  w  ith  a  view  of  determining  the 
nature  of  the  river-bed.  Should  conditions  warrant  it,  the  question  of  concen- 
trating the  head  at  this  point  rather  than  at  the  Little  du  Bonnet  falls  might  be 
advisable,  although  the  capital  cost  of  such  a  location  would  be  considerably 
higher  than  that  of  the  layout  discussed  herein.  Such  higher  cost  might  be 
compensated  for  by  the  elimination  of  possible  channel  improvement  work 
in  the  vicinity  of  island  No.  2.  The  further  field  investigations  into  this  alter- 
native site  should  consist  of  soundings  and  borings  in  the  river-bed,  and  are  of  a 
character  such  as  can  best  be  undertaken  by  the  parties  developing  the  site. 


HEAD-  AND   TAILWATER  ELEVATIONS. 

The  headwater  at  the  proposed  Du  Bonnet  plant  has  been  placed  at  elevation 
808.  This  will  result  in  a  4-foot  rise  in  the  present  normal  water  level  at  the 
head  of  the  falls,  and  will  flood  back  to  the  foot  of  the  second  McArthur  falls. 
This  rise  in  the  normal  headwater  of  the  Du  Bonnet  falls  will  prove  sufticient 
to  pass  the  average  flow  over  what  is  now  the  first  pitch,  at  a  velocity  of  from 
3  to  4  feet  per  second.  More  detailed  soundings  than  are  now  available  are 
neccssarj'  to  exactly  determine  the  future  c(mditions  here. 

According  to  welt-defined  water  marks,  the  water  level  belnw  the  Little 
du  Bonnet  falls  has  risen  to  elevation  767  under  extreme  conditions.  In  an 
average  year  the  level  varies  from  760  to  764.  These  conditions  will  recur  in 
the  future  until  such  time  as  construction  work  is  undertaken  at  the  Whitemud 
fall?.  An  average  elcv.uiun  of  762  has  been  assumed  as  the  tailwaier  level 
under  present  conditions. 

The  regulated  level  of  the  Pine  F"alls  site  is  750.  Upon  the  excavation 
of  the  proposed  channel  at  Whitemud  falls,  this  elevation  will  control  the  Du 
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Bonnet  tailwater.  Throughout  this  discussion.  752  has  betn  ronsid.ri-d  the 
elevation  ultimately  obtaining,  although  the  estimates  for  the  channel  have 
consider.'d  a  section  which  will  pass  25,fl()(»  second-feet  at  a  velocity  of  4  feet 
per  second  with  an  hydraulic  grade  of  0-3  foot.  Fl.vation  752  is  coimi.lered  a 
conservative  assumption  for  the  f^nal  t.iilwatei  level  in  view  of  the  condition's 
already  referred  to  as  existing  around  island  No.  2. 


FLOODING. 

Little  flooding  will  result  from  raising  the  headwater  to  elevatitm  808  \n 
embankment  is  necessary  on  the  west  side.  This  embankment  is  designed  with 
a  10-foot  top  at  elevation  815,  and  with  Vyi:  1  slopes.  It  is  800  feet  in  length 
and  at  regulated  level  in  the  pond  will  withstand  a  head  of  from  5  to  7  feet  it 
Its  heaviest  sections.  It  can  be  constructed  of  the  clay  in  the  immediate  vicinitv 
Apart  from  this  section,  the  natural  contours  will  retain  the  headwaters  with  the 
flooding  of  some  360  acres. 

POND.\GE. 

A  regulated  level  of  808  will  create  1 ,  700  acres  of  pondage.     A  draw  of  1  •  7 
foot  OTi  rt..,s  pond  will  supply  a  4-hour  peak  load  to  the  full  installation  considered 
I.e.,  140,000  horse-power,  assuming  a  continuous  flow  of   20,000  second-feet   in 
the  river     While  this  provides  very  fair  pondage  facilities,  these  are  not   as 
favourable  as  the  conditions  at  the  majority  of  the  sites  proposed  along  the  river 

The  advisibility  of  a  supervised  control  of  the  river  regulation  can  be  well 
illustrated  here.  The  "-Arthur  plant  immediately  above  the  Du  Bonnet 
^^M  have  as  its  pond  t\  ^re  miles  water  surface  of  Lac  du  Bonnet.     This 

offers  unexcelled  facilities  »  cal  storage,  which  can,  if  pro,,erly  controlled, 
be  made  as  readily  available  co  the  Du  Bonnet  as  to  the  McArthur  plant  It 
IS  only  by  such  control  that  the  maximum  power  output  of  this  section  of  the 
river  can  be  secured. 


ICE    COXUiriONS. 

During  the  winter  season  the  channel  in  the  vicinity  of  island  \o  2  below 
the  Little  du  Bonnet  falls,  becomes  at  times  somewhat  choked  with  a  deposit 
of  frazil  and  anchor  ice.  This  is  largely  due  to  the  long  stretch  of  agitated  water 
in  the  Grand  and  Little  du  Bonnet  falls,  presenting  ideal  conditions  for  the  forma- 
tion of  frazil  and  slush  ice.  Tha  contracted  river  channel  in  the  vicinity  of  the 
island  together  with  this  formation  of  frazil,  forms  a  combination  favourable 
to  the  formation  of  an  ice  barrier,  and  is  at  limes  the  cause  of  more  or  less  choking 
and  consequent  raising  of  the  water  level  above. 

The  layout  under  consideration  will  entirely  drown  out  all  the  falls  above 
the  plant,  as  far  lick  as  the  lower  McArthur  drop,  and  will  form  an  extensixc 
pond,  in  places  70  feet  deep.  The  water  is  drawn  directly  from  this  pond  into 
the  turbines,  and  no  ice  troubles  in  the  operation  of  the  plant  itself  need  be 
anticipated.  The  flooding  out  of  the  f;,!k  will  also  largely  do  away  with  the 
production  of  the  slush  ice  which  leads  to  the  choking  of  the  channel  below 
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KOrXDATION    CONDITIONS. 

Solid  red  Rranitf  underlies  the  entire  site,  and  is  directly  expensed  over 
almost  the  entire  lajout.     Tiie  river  banks  above  the  exjxjscd  rock  line  are 


Grand  du  Bonnet  Falls,  Ice  Conditions. 


Little  du  lioiinet  Falls,  Site  of  Proposed  Power  Station. 

composed  of  a  fairly  dense  clay.     In  estimating  on  the  corewall  for  the  embank- 
ment?, rock  was  assumed  to  be  10  feel  bduw  the  natural  surface,  it  being  con- 
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sidored  that  the  Kc-m-ral  ron figuration  of  the  vicinitv  wnuKl  warrant  tliis  assump- 
tion and  that  in  any  event  a  trench  of  this  depth  in  the  material  in  (.u.-stion 
would  iXTm.t  of  a  ti^ht  foundation.  Similar  assumptions  have  been  ma.le  at 
different  ix.mts  al.mK  the  river.  ()n  the  shore  line  th,.  hare  rock  is  i„  ..vi.len.e 
at  all  [«.ints  cover..l  l.y  the  pro,H,se<l  structures.  Alon^  the  line  of  ilu-  .lam 
m  the  river-be.l.  the  ro.k  was  assumed  at  elevations  which  wen-  hve.l  after  i 
careful  ol.servalion  on  the  ground.  It  is  coiisidere.l  that  these  elevations  are 
sufficiently  close  for  estimating  puri«)ses. 


lAVOLT. 


Ihe  general  layout  (plate  48)  connects  «ith  contour  Sl.S  „„  ,|u.  ri4ht 
bank  by  means  of  a  corewall  emiwnkment,  ice  sluices,  and  power  station  joined 
direct  with  a  sluice  and  spillway  dan.  of  solid  Kra^•itv  section  arche.l  in  plan 


Model  of  Proposetl  du  Bonnet  Layout. 

so  as  to  follow  the  high  rock  above  the  falls,  and  fmallv  closes  with  the  hixh 
and  on  the  opposite  bank  by  means  of  a  second  embankment.  The  fiii  il 
location  of  the  dam  may  be  a! -red  when  detailed  soundings  are  secured. 

It  was  desirable  to  locate  the  ixjwer  station  on  the  west  bank  in  order  tint 
direct  rail  connection  could  be  secured.  The  shore-line  formation  does  not 
however,  lend  itself  to  this  end.  and  such  a  location  would  involve  extensive 
tail-race  excavation,  as  well  as  a  draught  tube  discharge  poorly  placed  in  relation 
to  the  pitch  of  the  falls.  The  site  selected  for  the  power  station  provides  i.k.ai 
foundation  conditions  with  a  minimum  of  tail-race  excavation,  and  secures  a 
very  favourable  discharge. 

East  embankment.— The  east  embankment  has  been  estimated  with  a 
l^foot  top  at  elevation  815,  and  Iji:  1  slopes,  constructed  from  the  material 
moM  readily  available.  Impcrmcabilily  is  secured  by  a  concrete  corewall  with 
a  1-foot  crest  at  elevation  814,  and  a  batter  of  1  :  12.     This  core  will  be  bon.lcd 
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to  the  bedrock  should  the  latter  be  within  reasonable  distance  of  the  surface 
and  if  not,  a  tight  and  safe  bond  can  readily  be  obtained  with  the  clay  subsoil. 

Ice  sluices.— Between  the  east  embankment  and  the  power-house  are 
located  three  20-foot  sluices  with  sills  at  elevation  793.  These  serve  the  double 
purpose  of  providing  a  suitable  ice  run  and  additional  discharging  capacity  to  the 
whole  layout.  The  sluices  are  so  placed  as  to  clear  the  forebay  of  ice  and  drift 
by  tendmg  to  produce  a  current  parallel  to  the  line  of  the  power  station  It 
has  been  assumed  that  rock  will  be  available  for  the  foundation  at  elevation 
775  under  the  easternmost  sluice,  and  at  770  under  the  remaining  two.  Rock  is 
exposed  on  the  river  bank  at  the  latter  elevation. 

Power  station.—Thc  power  station  (plate  49)  has  been  designed  for  single- 
runner  vertical  turbines  of  10.000  horse-power  at  full  gate.  The  section  has 
been  developed  only  in  sufficient  detail  to  enable  a  fairly  accurate  estimate  being 
made  of  the  quantities  involved.  This  was  mainly  a  question  of  the  size  of  the 
water  passages  to  carry  the  requisite  supply  at  permissible  velocity  to  and 
from  the   turbines. 

The  racks  and  headworks  have  been  housed  in,  and  a  sloping  concrete 
curtam  is  provided  as  a  protection  against  floating  ice  and  drift.  In  conjunction 
with  the  ice  sluices,  this  protection  should  be  ample.  The  floor  of  the  headworks 
house  is  at  elevation  815,  while  the  generator  flood  is  at  elevation  777.  The 
centre  line  of  the  turbines  is  at  elevation  766,  and  the  draught  tube  seal  at  748. 
This  seal  is  placed  at  a  sufficiently  low  elevation  to  permit  of  the  projected 
lowering  of  the  tailwater.  The  discharge  from  the  draught  tubes  takes  place 
directly  into  the  river  channel. 

In  view  of  the  necessity  of  excavating  a  channel  through  the  Whitemud 
falls  in  order  to  increase  the  available  head  from  46  to  56  feet,  the  estimates 
have  been  calculated  for  three  stages  of  development:  the  initial,  covering  12,000 
second-feet  at  46-foot  head;  the  intermediate,  covering  20,000  second-feet 
at  46-foot  head;  and  the  final,  covering  20,000  second-feet  at  S6-foot  head. 

(1)  Initial  development— Thxs  consists  of  the  seven  10,000-horsepower  units 
next  the  dam.  It  will  provide  for  the  utilization  of  12,000  second-feet  at  46-foot 
head,  with  the  turbines  running  at  eight-tenth  gate  and  considered  at  85  per 
cent  efficiency.  The  above  installation  will  practically  leave  one  unit  as  a  spare 
under  the  conditions  stated.  The  output  available  at  the  switchboard  on  a 
75  per  cent  over-all  efficiency  on  a  24-hour  basis  is  47,000  horsepower.  The 
headworks  of  the  remaining  units  will  be  sufficiently  constructed  to  support 
the  stoplogs  provided,  leaving  the  balance  of  the  units  to  be  added  when 
required. 

(2)  Intermediate  development.— TKk  consists  of  twelve  10,000-horsepower 
units,  the  additional  five  being  adjacent  to  the  initial  installation.  Twelve  units 
will  provide  for  the  utilization  of  20,000  second-feet  at  a  46-foot  head,  with 
the  turbines  running  at  eight-tenth  gate. 

This  installation,  under  the  conditions  given,  will  provide  a  spare  unit. 
The  output  available  at  the  switchboard  at  75  per  cent  efficiency  on  a  24-hour 
basis  is  78,500  horsepower. 
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turl,.„es  runn.nK  at  eiRht-.on.h  «..,..     Tlu-  .h.wIt  availal.I.       th"    wiu^  Lard 
at  .  S  per  cent  efhacuy  on  a  24-h,n.r  basis  is  9.S,5(K)  l.„r.s<-,K,«-..r         ''^"^''''""^"' 

tion  ;;r.hir:;^r' '"""'"'"" "  ^"'  '^^^"'"-  '^  -■•"••''•'^'  -  ^'-  p-p<^-i  •.-. 

5/,</aK«>^5<-.7«««  «/rf«m.-Fiftec-n  20.foot  sluia-wavs  (plate  SO)    wi,l.  sill- 
at  devat.on  79.?.  are  immediately  adjacent  to  the  .K.wer  s't  u  on       I    o   V 
deck,  with  its  undersi,le  elevation  a    813.5.  wil    r^t  oi      5^  f    T      "-'T 
regulated  level.     Solid  rock  underlies  the    lui  "v.:     t.i ;      'hs  d  ^'.f  '"  i  '' 
been  assumed  at  765.  ^  f^ciion.     its  eIe\ation  has 

spillway  section  of  dan,.  ~Thc  sr,illway  sc-ction  of  the  .Jan,    4()fl  f.^-t  in 

■n  .his  localion  should  1,  .a.isfactory  ^'"■"'  "■«"»"»" 

obtainahte  .hroughout  i,sT™,h   f"^  """''"">"  '™  <!'«  »™wall  should  bo 

h.h„  cieva.io„s^  ^^s^xjiz:^,:-::::,:::^  ^i^^ij^  •'■' . 

DISCHARGK   CAPACITY. 

»,00o'3„d"t '"1„'addT.'r,"'t°"T  '"'■  """  '«  ''"«"  ""  "i-^"8= 
anaddi.ionanw^o'ntC^'J.ch^l  h'  "7'""""  '"""  ""'""  "'"  "»- 
a.  all  seasons,  „ay  be  co„sidrrL''a''a'«.°e!';S:°'  "  ""■™  '"  *»  ""^  ■"»" 

s...lo„  i„  opera,  ™g^.°,;   o  al  Ich"  """>■'  ''•*''  ""''  ""'  """" 

Five  and  oue-hal,  'e^.^.b::e^re:ir.rf  ^rjrL'iJTs^;;?'- 

UNWATERI.NG. 
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a  suftk-ient  numl^r  of  tnnporary  discharge  sluices  therein  to  .liseharge  the  river 
flo«  while  the  sluiceway  scrtion  is  unwaterc.i  and  built.     The  tenipor  .rv  s|ui  " 
.an  afterwards  he  closed  o.  with  s.op,o,s  and  In.ilt  up  to  the  S^;    s  '  ! 
at  SOS.     The  power  station  can  be  unwaterc.i  bv  sections  as  built 

.,r„  f.''"""";';*^  "'^.'^^''^''^  '•^"'  1-  ^«'"P'«I  t"  suit  the  n,e,h,Hi  and  order  of  con- 
stru  t.on.  The  estnnates  herein  are  con^idercl  to  be  an.piv  sufticient  to  cover 
whatever  method  may  Ih.- adopted.  '      '""^"-"i  i'>  <^"^er 

NAVl(i.\T|()\. 

At  this  site  the  navigation  lock  has  bc^-n  located  on  the  east  bank  below  the 
power  station  (p  ate  48)  A  .light  of  two  locks  can  Ik.  construct«l.  if  e  ir.l  ,e 
Advantage  has  U-en  taken  of  the  up.K.r  entrance  e.xcasation  to  con  ,  uc  . 
sad.ng  bank  and  at  the  same  time  protect  the  approach  to  the  lock  ro  he 
<  r.^-  owards  the  power  station.  The  lock  depicte.l  is  .....)  feet  by  40  fc  .  w  1 
Y  fee,  of  wa  er  on  the  sdls.  Xo  tmuble  will  be  ex,,erienced  in  securing  .u ha  le 
foundations  for  all  strucuires.  ^"•■•"K    uiiaoit 

Should  the  installation  of  lockage  facilities  be.onie  desirable  in  the  future 

e  construction  of  this  lock   with  approaches,  and  the  utilization  of  the      m"' 

^^  dl  in  no  way  interfere  with  the  operation  of  the  ,K,wer  station       \or  will  t",e 

in  the  wa>  of  the  future  construction  or  operation  of  the  lock 

or  apit^.Si^''"  '"""  '■"  ""  ''"'"•■''  •'">■  '■■•^"""  •^f  ^'-  '■-^  «f  the  lock 


KsriMATICS    Ot    (  OST. 

The  estimates  place  ,i,e  power  on  xhe  switchboard  in  the  power  station 
an  1  do  not  include  transmission.  It  is  considered  that  the  assumptions  wlich 
e^no^^:"rT":r^"r  •''"""•''''■^'"•^•'-     •^'■^-'  instruction  wm  l^^ 

'  l^.^■.  bic  .U  all  points  where  an>-  reason    for   doubt   e.vists,  to  make  the  most 
liberal  provision  for  eventualities.  ' 

C  uiadlrp'^r  'f  "^'  "  V'-'""'  ^""•'  ■''"  '^""'  "-  '— '  »-»'""'  "f  -i 

.a^  wes    it;   k  Ifr  •''      "\'"-  ''""  '       ''''''  ^^"'   '^^'"«  -'  -"'•™' 

,n     f     f  u  ■   ■'"■'■'■■     ■^''   ■''■"'   ''''^  ''^■^■"   ''"'^'"^'cd   f.>r   the  cons.ru.- 

U.^  of  a  ferry  for  the  ,  ranspor,  of  loaded  cars  across  the  river  to  the  power  sta;;! 

S  Pe/cent  on'thi^^;  '^'?  ;'''"^'\ '"  ^^'^  '-^  '-^  '-"  add.l  for  contingencies, 
■^  per  cuu  on  this  total  for  engmeering  and  inspection,  and  5^  .  ,>er  cent  on  .he 

W  itm^n-y      '  "-'"r'  1"""*^  --'-ction.     The  est.mate<l":^  Z      : 
U  hittmud  Palls  excaxation  has  In-en  ins«>rted  as  a  unit 

The  annual  operation  costs  include  caoital  char..-.    ,,n.i  ....>., ■ ,., 

t:Z^:i  "   '"   ""^■'^^  ""'""      '''^^^  ^''   ""•    '-'-'«'  --f^--  and 
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Initial  di'velopnient. — (Seven  10, 


000-lu)r8e|X)wcr  units.) 

( I )     ( ■'i/>((u/  CM  „/  ImlatUtwn. 


1^42.000 

5.000 

7i.000 

6.V,000 

665,  (MXI 

KOS.OOO 

l"ih.O(JO 

.VI.UOO 

i.S.OOO 


Oam  ;in'i  ('(lulptiient 
Kiiilwnkrnent  iflixxl  iirotcclioji 

111"  sIlIUPS     

I'i)»i-r  [iiaiion  ,111.1  <-i|iiipnii-iit 

llydniulu  inst.illation  . 

hir,  trital  iliiitallation. . . . 

Kailroiid 

Kf-rry 

J'linj.inrnt  riuartiTs, ,' 
<  i>nlinK<'ni  i.'s.  10  |kt  icnt 

•.nmn.-.TinK  .m,|  in»iK>.  lion.  s'ikt  lenl W8,Oo6 

Inli-ri-st  .liinnij  (onstru.  lion,  5',  iwr  ,..nt lft4,no«) 

Iti'<,(»»l 

Total  initial  cost 

r«i-nly-(our  lioiir  imwcr  available  al  T,  t»,r ,  ,,,t  ,.,.,  ,    ii    .v 

aiiauicai  /if^r,.iil  ovrr-all  .11,,  i,n,  y.  47,0(W  l,„r,i-|«,«rr 

t  aim^il  cost  iMT  24.|iour  horsoimwiT 

lapilal  cost  jier  insl.illcl  liorwjKiWfr  .',  ' .' i  

(-')     .innual  I  ml  „fapn,iii„„_ 

'"""Vm^ni".'"!;'!'  '"'"'•  ^'"''  'I'-P'^i^"!""  'har,..s 

sinklnKt,.- '-■'"'■""'" '^■'•'''''■'"'"• 
D'-prniation- 


■i'"''.'!"'."""'-  ■»  I"'"-  "-nt  (40.y,-ar  Iwn.lsj. 


I  lior  cent  on  iKrnianrat  works 
4  IKT  cent  on  inai  hinery,  etc 

Operation  chariies  — 

.'■talT 

i^UI)plies \'[ 


»  I .  ft.'H .  (KK) 


$77    1« 
51    8.) 


200.11(1(1 

.<»,oou 


t  ti,noo 

64.000 


Si  1.(100 

iO.OOU 


Total  annual  charge. 


Annual  cost  [wr  horsepower  year,  24-hour  power 

Annual  cost  ,K..r  h„rs.-,K>wer  year!  mach.m'ry Tn/talW . !   ...     ! 

Annual  cost  per  kilowatt  hour 

Annual  cost  ,*r  kilowatt  hour  on'  basis  of  .■io  ,K-r  cent  loa,l  fa,  to 


41.000 
$     i.VI.OOO 


17. S5 
.S.07 


0   ll.S  cent, 
(l-2.W,ent, 


(2)  Intermediate  deveIopment,-(Twehe  1 0.000-h.,rsepower  units,) 


(I)     Capital  Cast  of  liiUallalioH. 
Dam  an,l  e,jui|>nient 

hmbankmcnt  (flood  j)rotectioni 

Ice  sluices  and  roarlway  ■ 

I'ower  station  and  equipment.' .' 

llydraulic  installation. . . . 

tlectrical  installation 

Kauroad 

Ferry ,]'/ ' 

Permanent  iiuarters.'. '. 

(  ontingcniii's.  10  per  cent     

tnK.neerinK  and  insiH^ction,  5  j'ler  cent 

Inlen-st  durins  construction,  .S ■ ,  r^r  cent 2.16,000 

'  ' 27j,00O 

Tot.tl  intermeiliate  cost 


S     542,000 

5.000 

72,000 

<>2(t,0lX) 

I,140,0(K1 

l,.i80.0(KI 

l.'Jft.OOO 

50.000 

25.000 

430.000 


Twenty-four  hour  iKJwer  available  at  75 

t"apit.il  cost  per  24-hour  horseiiower 
Capital  cost  jkt  inst.illcl  horseiiower^  ] ', '. 


J5. 2.1 5. 001) 


per  cent  overall  eftii  i,n,  y,  7H,S0()  horseiic 


J66 .  60 
4.1  62 


(2)     Annual  (  .,,/  ,/ i)/>cr.i/i,.ii. 

Infrest    sinking  tun,l.  an.l  d,.preciation  charfies- 
Interest.  .s  ' ,  ,„.r  n-nt  on  S5.2.15.(M10 

.'-nikms  fuml.  4  ikt  cent  (40.ycar  bonds) •     2MK.000 

Ueprei  latioll—  >i.o  ooiius; 5.S  000 


1  Iier  cent  on  permanent  works 
4  IKT  cent  on  nui,  hinery.  etc 


Operation  chargcs- 

.Staff .  .  . 

Supplies 


Total  annual  charge 

Annual  cost  per  horsepower  year.  24  hn::r  pnwer 

Annual  cost  inr  lior.s<.i«wer  year,  machinery  installeil  . . 

Annual  co.«t  per  kilowatt  hour 

Annual  cost  pi-r  kilowatt  hour  on  basis  of  50  per  cent  load  factor.' 


14.000 
KKi.OOO 


S       27.000 
J2,0»K) 
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Mc.\rthur  Falls  Site. 

The  second  pitch  „f  the  McArthur  falls  is  located  about  41,  ,„iles  above 

ion    ii;  ff  •"•  "  T'':- '""^  ''  ""^'^  ^^"'"  ^^''""'■'-«-     The  field  ^^Z- 
nd  Jon    ,    "?""■       A^'^  "^"  """'  "^""'^■^"'  ''"""«  ^he  .inter  of  1911-12. 
and  ^,ere  supplemente.I  by  a  reconnaissance  of  the  shores  of  Lac  du  Bonnet 
-.h  a  view  to  ascertaining  its  tlo.Kling  linm.     The  a.tual  ,le,ai!  survey       X' 
^hores  of  the  lake  was  carried  on  during  the  fall  of  1<M2 

A  study  of  the  complete  field  data  subnuts  the  following  general  scheme 
.k.veo,„nent  as  l..n,  at  once  connnercially  feasible,  an.l  at  L„u.  g  ;    '  2 
P-nent  hnk  m  the  complete  power  develop.nent  scheme. 

SPi;(  I.\I.    (ONSIDKH.VTIONS    .\T    MCARTIIl  R    1  .\|,|.s. 

.  t  th.  McArthur  Falls  s„e  are  the  l..w  hea.l  an.l  the  laru.-  i.-cal  storage  in      u-  du 

■.„:'';''■''''''•      ""-;  "T'^  '■""'■«"-,!„„  of  the  gn.un.1  has  len.ih   ne.l 

n  u"  J   '  rrr  7''^'"'^"'^"'-  '-  "-  '"t.-  are  low  .uul  can  be  .  I,..,tplv 

.  MS  ruclul.        In.  disatlvantage  of  a  low  hea.l  is,  ...  a  cert.tin  .-m,.,,,    !.,!,„..! 

.    the  unexcelie,,  storage  facilines  in  Lac  .lu  Bonnet.     By  raising  .hi.  Ct 

ilcNati.n  82..  a  surfa.e  area  of  38  square  miles  is  available      This  el.Miiiin 

en..roaches  on  the  l.,w  lands  at  the  west  en.l  of  the  lak...  an.l  JX  :!2::::;. 

86376- 14^ 


2  >  2  Depa  rtment  of  the  Interior. 

and  frc^  spillway  caj.acity  is  necessary  in  order  to  regulate  the  high  water  and 
prevent  further  flocKJing.  ** 

RliACII   OF   Till-    RIVER   DEVELOPKD. 

The  reach  of  the  river  developed  at  this  point  extends  from  the  lower  or 
sc-cond  A  cArthur  falls,  up  to  r-ractically  the  f.K.t  of  the  Seven  Sisters  falk      I 
the  development  the  upper  or  first  McAr.hur  falls  are  drowned  out.  and'  I  ac 
a^heTld  Sr  "  ''''■^'''-  "-'  '-  "-'  «^  '«  ^-^  ^""^  ™-H 

.ho..fT"V^^'f  """/''"/•~'^!''  '^■'"""^'  '"■  '"^^^'-  ^''-'^^'hur  falls  are  locate.! 
about  .S  m.les  aI,o^e  the  first  pitch  of  the  Hu  Bonnet  falls.     The  river  is  here 


Scrond  McArlluir  Kails,  Main  I'itih. 

divided  into  two  channels  by  a  large  island,  the  major  portion  of  the  How  taking 

place  through  the  right  channel.     The  total  normal  drop  is  about  6K  feet 

1  hese  falls  form  the  site  of  the  proposed  concentration. 

First  McArthurfalls.~Thc  first  McArthur  falls  occr  about  1  mile  above  the 

lower  falls.  I  he  river  is  again  divided,  this  time  im,  three  channels  by  a 
group  of  i..ands.     The  right  channel  carries  the  major  portion  of  the  flow 

I  he  total  drop  is  about  7  feet.     Granite  outcrop  is  in  evidence  on  all  sides. 

Lac  du  Bonnet. ~l^c  du  Bonnet  (plate  51)  has  a  water  surface  normally 
some  33  square  miles  in  area,  which  in  times  of  maximum  high  water  is  increased 
to  38  square  miles.  The  limiti  ■ ;  feature  preventing  further  raising  without 
remedial  works  is  a  muskeg  located  to  the  west  of  the  lake.     Its  mean  surface 

evol  IS  about  82Q.  Thi.  muskeg  is  understood  to  drain  lu  the  southwest  into 
lake  Winnipeg,  but  so  far  as  is  known  no  line  of  levels  has  been  run  to  determine 
this  question.     It  is  not  essential  to  the  present  discussion,  since  it  is  not  proposed 
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Witini/yeji  Hirer  Po^er  and  Sur'ime  [nvfslinittt'tns. 


n^ 


ti  lliKxl  alH)\c  i'lr\.ii:)n  Hi7.  In  nn\  ,•  vent,  ,hi  ill'!  it  Ix'  (Usirid  t<»  raiw  ili< 
water  aliovi!  829.  the  n>nstructir>n  <><  .i  l(»w  dyki-  al><  ji  1  mile  in  IviiKth  would 
proloct  the  inuHkfi;  lr'>tn  thi-  l.ikf.  Siilli.  cnt  <ii!4(  fi  irgin^j  ciptiritv  i*  proxidcd 
in  tin-  «l.im  t(i  pass  iIk  largrst  IIikhIs  wlii"  li  havi-  ihi  iirrwl  in  the  p.i«*t.  or  may 
lie  unlicipatiMl  in  llu-  future,  without  raixinK  the  iiurfarc  aliovc  regulat*"*!  level. 
In  a<l«liii()i<i,  1,725  feel  uf  fnx-  Hptllwav  will  oiler  antom.itic  protection  from  ^ndilen 

tl'KxIs. 

niAD-    AM)   TAIIWATUH    KI.KVATIONS. 

I  he  headwater  is  re)4ulatcd  to  elevation  827,  Water  I'ower  Sur\<'y  tl.iinm. 
Thi^  elevaiion   will  completely  drown  out   the  first   McArthur  falls,  and  will 
'   "•  ■'"  Bonnet   to  practical^     maximum    lii^h-water  live!.     .\lM>ve   l.u 


'aiii* 


ac  (lu 


First  \I(.\rtliiir  lall.,  Left  (  lianiul. 


ilu  Homiit  the  river  i-  di\iiied  into  two  channels,  the  main  and  the  I'in.tu  i 
Holding  the  surface  of  iln-  lake  at  elevali(m  827  will  hack  up  the  water  in  the  m.iin 
channel,  <lri)wn  out  the  small  rapid  which  now  exists  about  S  miles  aliove  (!i  ■ 
tctwn  of  l,ac  du  Bonnet,  and  allowing'  for  the  luilraulic  gradient  in  the  up()er 
portion  of  the  roach,  will  control  the  tail-water  elevation  of  the  proposetl  Lower 
Seven  Sisters  developm(>nt. 

The  Pinawa  channel,  on  which  is  located  the  present  plant  of  the  Winnipeg 
Electric  Railway  Company,  will  also  l)e  subject  to  backwater.  Whether  or 
not  the  tailwater  of  the  company's  plant  will  be  in  any  way  afTected  is  question- 
able. Its  present  normal  elevation  is  alxjut  842,  or  15  feet  above  the  propose*! 
level  of  Lac  du  Bonnet,  'i'he  channel  ImjIow  is  irregular  and  windinir  and 
obstructed  in  places  by  rock-ri<lges.  at  which  considerable  blasting  has  been 
carried  on  by  the  company  to  assist  the  discharge  and  improve  the  tailwater 
conditions  at  the  plant. 
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It  IS  doubtful  whc-thcT  the  raising  of  I,ac  clu  Bon.a-t  to  dt-vation  827  would 
raluce  the-  head  at  the  power  phmt  to  any  appreciable  extent  during  the  sunim»-r 
season,  while,  on  the  other  hand,  by  quieting  the  flow  in  the  lower  reaches  and 
lessening  the  tendency  to  accumulate  anch<.r  ice,  with  the  conse<,uent  backing 
up  of  the  tailwater,  it  should  prove  U-neficial  during  the  ice  |K'ri(Kl  In  this 
connection  the  following  ,|uotation  from  Mr.  J.  k.  Freeman's  report  following 
the  prehminary  reconnaissance  is  [)ertinent:- 

"It  would  doubtless  U-  claime<l  by  the  railway  companv  that  this 
raising  of  ihe  lake  would  iinpe<le  the  dis<harge  from  their  works  on  the 
Pmawa  channel,  but  after  having  carefullv  reconnoitred  the  wasteful 
rapids  near  the  outlet  of  the  channel,  particularlv  the  two  i)itches  one  of 
alK,ut  .S  feet  at  the  briiige  for  the  railroa.l  leading  to  the  municipal  power 
plant,  and  another  of  nearly  5  feet,  where  some  blasting  has  been  done 
at  the  rocky  reef  about  a  mile,  more  or  less,  downstream  from  this  railroad 
bridge;  and.  moreover,  having  had  the  opiwrtunity  to  ol)serve  the  effect 
of  back-flowage  under  somewhat  similar  conditions,  I  IK-Iieve  it  highly 
probable  that  true  conservation  and  the  greatest  public  goml  would  result 
from  this  raising  of  the  lake  and  of  this  Finawa  outlet  level. 

"I  consider  it  highly  probable  that  the  effect  of  raising  Lac  du 
Bonnet  5  feet  would  be  practically  inappreciable  at  the  power-house 
some  5  miles  or  more  irpstream  from  these  two  abrupt  falls,  which,  with 
neighbouring  rapids,  aggregate  nearly  8  feet." 

The  tailwater  of  the  McArthur  concentration  is  fixed  by  the  headwater 
elevation  of  the  proposed  plant  at  the  Du  Bonnet  site.  The  present  tailwater 
of  the  McArthur  falls,  with  a  flow  of  20,000  second-feet  in  the  river,  is  about 
elevation  806.  The  headwater  level  of  the  Du  Bonnet  development  has  been 
placed  at  808  to  allow  for  the  drowning  out  of  the  first  pitch  of  the  falls.  Allowing 
1  foot  for  the  hydraulic  gradient  from  the  Du  Bonnet  dam  to  the  McArthur 
tailrace.  places  the  latter  at  809.  This  is  a  higher  elevation  than  will  occur 
during  low  and  normal  water,  but  it  is  being  used  throughout  the  present  dis- 
cussion as  being  conservative.  Extreme  floods  will  undoubtedly  raise  the 
tailwater  above  this  level  and  reduce  the  working  head.  The  increast-d  water 
available  for  power  purposes  at  such  periods  will,  however,  more  than  counter- 
balance any  such  loss. 


Fl-OODINCi. 

A  reference  to  plate  51  will  illustrate  the  extent  oi  flowling  involved  by  raising 
the  water  level  to  827.  Between  the  two  McArthur  falls  a  low  embankment 
may  be  required  on  the  west  bank  to  protect  the  low  land.  This  emi)ankmi.nt 
will  not  be  more  than  5  to  8  feet  high,  and  can  be  cheaply  constructetl  Further 
detailed  surveys  may  show  that  it  is  not  required.  The  larger  pn,,H.rtion 
o  the  land  flooded  is  located  at  the  western  end  of  Lac  du  Bonnet.  1 1  is  quest  ion- 
able  whether  it  would  be  more  economical  to  protect  this  land  bv  the  low  embank- 
mentp  necessary,  or  to  buy  the  land  outright.  An  item  for  flooding  damages 
has  been  included  in  the  estimates. 

As  the  records  along  the  shore  of  the  lake  show  that  the  water  has  attained 
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an  ckvation  .,f  827  in  extreme  llomls  n.uler  natural  c,.,uiiti..ns.  ,he  mu-.tion  of 
.I-nl.ng  cannot  In-  considerc-d  as  introducing  entirely  new  cou.liiious. 

PONDAtilC. 

The  M,Arthur  site  offers  the  best  facilities  for  local  ,.,ndage  that  exist 
<  "   '  H-  full  rea,h  of  the  Winni.H-g  river  i„   Manitoba.     In   the  n.nte,^  ,hud 
.  evelo,..e„,.  Lac  du  Bonnet  forn.s  the  ,K.nd  of  the  plant,  and  rende^  «'      :^ 
m.lvs  of  water  sur  ace  ava.iable  for  local  regulation.       This  extensive  are     is 
.louNe  a.hantage  .n  that  the  necessary  storage  can  1...  obtained  wi  ^o  "    a  .^J 

These  e.xceptional  facilities  for  local  ,M,ndaRe  can  be  pla.e.l  e„u  ilk    .t  the 

I  xc  re  ,..,1  1,^  the  (  rown.     I„  any  event  it  will  not  he  permissible  to  give  the  rontrol 
:il  -«"'«''-"/    f-  ^«  Bonnet  to  any  single  nLst.  sin.e  l.u    1  r^h     o 
.ould  for  constderable  per.ods  completely  shut  off  the  water  front  the  phmt; 

ICIC   COXDITION'S. 

;•■  '<!]  •" -.»".'» ...vh.;:  ,Z  ,;;:'\i;r,v  i::::'^,  z/' v,'::;' 

troubles  are  anticipated.  '  '^'"an).     .\o  i- e 

A  sloping  concrete  curtain,  with  bottom  elevation   7  f .,.,   i„.i  ,        , 

eilhcT  ™d  of  ,h»  ,.,.cr  »,a,i„„  „r„vi,l..  „„.»,».,(  ,,,.,„.  ,,„  ,„  .,„„  ,„;.„;",r  "' 


FOUND.XTION   rOMMTIONS. 

ill  ni.,n-  ,|,.,ail  h,  di«cu,.i„K  Hio  l.,y„„,    "                                             ' '"    '"  '"'""  "I' 
A.»u,„|,M„™  have  ,„.„  „„.,,„„.  ^„  ,„  „,„  ^^,_.|_.  

'  ""■  "'■""  T'""-"'  ''■""  »'  ""■ '" '  '!"■  ■»»"!  I.i'<l.  "I  il„.  rail,      l],      I,, 

I"::";'  ;;;;:■";■'„ .'" ^- » « ^- ' -■  ■  i 

"f  r,:.  z:;;;::,,  „:i':::i:, ^ "■"'•™"  ^ -"■•■'  ■™»'™- 

a.  »,;';r::,r;;;:;z:.:" "'° '"  ■" ' "'  »'■"■"■'  «■"  "»■ ^  ■■'- 
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I.AYDIT. 

The  contours  and  general  physical  characteristics  at  the  second  McArthur 
falls  ,H.nn,t  var.ous  layouts,  no  one  of  which  a„,,arcntly  offers  any  ^reat  out 

offer.n<T  feasible  development  opportunities.     T.,  .le.er.nine  the  most  econonuc 


Second  Mr  Arthur  Fall-.  Sito  of  I'mposcd  Power  Station. 

of  th.  «,.  Ia>„u.s  would  roiuirc  a  very  car.  ful  detailed  estimate  of  ,.ari.  assist,  ,| 
l.y  Uirther  horniK  .,nd  soun.linK  o|H..rati<.ns  in  the  tield.  On  the  whole  it  is 
.jmsHi.T.d  that,  with  the  conditions  which  must  l.-e  met.  the  lavout  suK^es.ed 
h..r.Mn    pf.fe  5^  w,ll  for.n  as  .-.Mnomic  a  .lev..|opmeni  as  is  ,K,ssil,le  at  this  sj,,. 


ModLlol  l'riiii.)M-il   ilc.Xrtluir  l..i>,jut. 

The  iwwcr  siati.m  as  locate,!  spans  the-  western  ,hann.l,  and  provi.ies  a  free 
d.scliarge  wuh  n,.  ixissibility  of  ic  .  hoking  Ulow.  The  dam  consisting  of 
embankment,  shnceways,  and  free  spiilu.iy,  runs  diag,.nally  across  the  large 
island,  and  by  a  second  spillway  sjians  the  right  ciiannel. 

Spillway  section  of  dam.-  The  m.iin  spillwa>-  section  of  the  dam  92=;  f.H't 
n  length,  has  been  located  along  the  crest  of  the  main  pitch  of    the  secon.i 
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Mr.Arthur  falls,   .uijaccnt    t..  the  HkIu   l.ank  of  ,1..   riv.r,     Th.  r,..k   surfa,-.- 
Has  lH.cn  assun,...   at  elovalions  MK)  ,o  811,  and  the  spiiKv.a  .t,.,  p,,,,,j  ,,,  ,,, 
A  second  sp.llway,  75„  f...  i„  i,„„„,  crest  at  827,  has  l^en  indu.l„l  in  t'h.'. 
<lam  ,m  the  lar^e  central  .sland.     The  Kranite  is  lure  ex,.,^.J  on  th.-  n.rf  u  • 
an^at  such  elevafon  that  a  spillway  section  can  1.  conltructe.;  at  l.u  i 

ixtKnse.      Tue  free  spillway  can   Ih-   lengthened   if  necessary   bv  replacing   th. 
^.rU,    enthanknn,,,.     N„    „a.hhoards   or   hnd,e   deck    ha^;.    I.en '  .^^n  "de     1 

A  fish  ladder  and  io,  .:i,le  an  provid.^i  at  ,he  i,|,„,d  end  ui  ,he  main  ,pillvvav 

hmhankment  on   y./a„,/.-The  greater  port,,.,,  .,    the  dan,  on   th^  isl  n^l 

«.ns.ts  ,A  a  corewall  en^bankntent  wuh  topolevation  at  M.>.     This  ent, .  , 

■s  low  over  the  greater  portion  of  its  length,  ...d  is  hax.l  o„  the  expose,!  gra,  ,t  ■ 

(Avrjwheren,  evidence  along  its  route.  >-' train ii 

f'^i'^^'^y  sectum  of  dam.^\\i,^^n  2(..f.H,t  sluices,  with  sills  at  elevation 

'<  I  u  HK k  .urface  has  not  bcvn  .letern.ined  over  this  portion  of  th.-  lavout       1 , 

MS  !.en  assumed  a,  elevation  802.     The  general  character  of  the  f.^n-atio,,'  ,u,d 

.^ours  ,n    ho  VK-.n„y  would  warrant  this  assun.ptio,,.     Shoul.l  borin.s  shoV 

r  Kk  to  be  at  t.K,  low  an  elevat.on  t.,  ,H-rmii  tl«.  eco,.o,nical  construction  of  th,- 

.  u.ceways  at  tins  po.nt,  they  can  be  Iocat<..l  ,.  the  n,ain  spillwav  M-ci        a     , 

tcr  present  location  close.1   by  a  conti.uia.ion   of  the  crewaii  en.ba    k  n 

The  locattons  of  the  power  station  and  the  sluio-wavs  n.ight  also,  u,„l.;        .^: 

conditions,  be  prohtablv  interchange.1.  '  irtn.M 

The  sluiceways  have  bec-n  placc.l  in  their  present  lucati.m  .,  a.  ,.,  be  within 

i-y  ofx^rating  distance  of  the  power  station.     .\s  located  thev  will  discharJ 

all  the  siirplus  water  across  the  island,  and  awas   from  the  tail-race       ri  i  . 

n.a  UT  of  con.s,derable  in,portance,  since  the  na„ow  ,  hann.l  U-low  the  powe'; 

vzrz^:''-''-^  -'  -  ---•  --■"■'-  -"- •' '.■^.;: 

I.e  shares.~Sis  2n-foot  ..-e  sluices,  thr...  at  either  end  of  the  p..uc  r  Nation 
prov.de  means  of  cie^^iin,  the  forebay  fron,  tioating  ice  an,l  .le.ritu  '       If  .iesirabl.: 

"t  -iH  excavated  ma>nal,  Ik>  diverte.l  ..cross  the  guilv  on  the  inland  !,el„w  ,h,. 

;  d'm '         T'"  •■  "'  ^^""f  ""'"^  "^  ^'•'•^-  '"  ^'-  "■""•  ^'-—  sect,,.,, 

o   .  u  dan    as  weiIastoo,H.ratethestoplogs,.H,.i  thewcMerh  ,opn.videnM,lw..v 
.i(C(s>  to  the  jxiwer  station. 

Pourr  slatwn.  Tho  power  station  (plate  ,=;4 .  has  Iho,  .le.igned  fur  .inje- 
runner  vcrfcal  turbines  of  2.5()()-horsepower  capacity  at  full  gate.  The  J  ,, 
l.as  onlv  lKH.„  develoiKHl  in  sufficient  .lecail  to  arrive  at  the  si.e  of  ,h.    w';,, 

^.  on,  cs.     The  electrical  and   regula.ing  o,,uipment   h.ue   be<.„   a,,.,,,,,.!    f,„ 
estimating  purposes  only. 

The  racks  and  headworks  have  been  house,!  in  with  fl.K.r  at  8.P  and  t 
sloping  concrete  curtain  along  the  i.u:  of  the  entrance  piers  .,n.vu!..s  a  pr",;,...,i.,n 
against  floating  ice  an,|  drift.     The  generator  tlonr  i     at  elevation  «' 7      1       I 
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directly  connected  to  the  left  bank  of  the  river  I,y  a  roa.lway  oser  the  three 

utterly  .ce  slu.ces.  and  aion^  the  en,l,anknH.nt   leading  ,o  the  high  JZJ 

he  <lrat,Kht  tu.,e  seal  .s  at  ek.ation  «()4.  tiie  .lischarKe  taking  place  ,'     "    , 

down  the  nver.      I  he  narrow  channel,  a  short  distance  I.low    the   powe  lou    • 

devellil;;::;;'"""  '"  ^'^  '"^^^  ^^"^'""  ''^^^-^  ••-"  -'-''^'-'  f-  two  stages  of 

(/)  /«i7/a/    f/«.e/o/,me«/.-Thi.  consists  of  the  eleNen  easterly  units      The 

tur l.ne  un.ts  consulered  ha^•e  a  capacity  of  2.500  horsepower  at  fullU"    and    h" 

elec,r,cal  .nstallatu.n  has  been  .selected  with  the  normal  ,ull  load  ctrre  p  ,  I  ,,' 

o  e,ght-tenth  gate  opening  on  the  turbines.     The  initial  installation  of  X  "^ 

unus  g,ves  a  sufficent  machine  capacity  to  utilize  12.000  second-feet  at  18-foo" 

head  wuh  turbines  at  85  .x-r  cent  efficiency  and  eight-tenth  gate,  an" It    he  san^ 

time  leaves  one  unit  as  a  spare  for  emergencies.  «-- anu  at  tl.c  same 

The  output  available  on  the  low  tension  switchboard  on  a  75  ,K"r  cent  over-  ,11 

efficiency  on  a  24-hour  basis,   is   18.400  horsepower.     The  es  imatcs  for  the 

^ix  ravsrot'uffi'"  t'?"'^^  ^"""""'°"  "^  ''^  '^^^'-'^  ofir^i: ,  •  g 

♦  h.  •^'*  fJ""^  development.-Thh  consists  of  seventeen  2.500-horsepower  units 
he  S.X  add.t.onal  bemg  added  to  the  west  of  the  first  installation.  The  eventeen 
unts  wd  supply  machine  capacity  for  the  utilization  of  20,000  second-Trt 
at  18-foot  head,  w.th  the  turbines  considered  at  eight-tenth  gate  This  i  "staHa 
t.on  W.1I.  under  these  conditions,  provide  a  spare  unit  for  emergenc  es  The 
hXwer      ^^■"''''"'  "  ''  ^^  ^'^"^  '"^''^"^y  -  ^  24-hour  bSTs30.ToO 


DISCHARGE   CAPACITY. 

ve,r^'  tTp^TV^T  ''?■'''  'I'^P^"^  '"^"'  ^'  ^'^^'^''''"  827  at  all  seasons  of  the 
820  th    f  .    ,    °T'";^  (without  embanking)  on  Lac  du  Bonnet  is  elevation 

829.  th.s  bang  the  level  of  the  muskeg  at  the  westerly  end  of  the  lake  is 

essenfal  therefore  to  assure  sufficient  discharging  capacity-  to  meet  aH  possible 
n.qu.rements  at  reguhted  level.     The  twenty-one  20-footsluices,   sills  TtSU, 
^11  prov  de  for  the  d.scharge  of  81,000  second-feet  at  pond  level  of  827.     No 
cons  deration  .s  here  given  to  the  discharge  through  the  power  station,  which 
when  m  full  operation,  will  be  20.000  second-feet.  .  ^nicn, 

In  addition  to  ample  sluiceway  discharge,  it  is  necessary  that  there  shouhl  be 
an  extensive  automatic  spillway  discharge  in  order  that  any  unexfx.cted    ise 
of  the  nver  will  be  automatically  carc-d  for  should  the  sluicewavs  for  any  rca  o, 
tZf      A  ^P"""?'/"  '^'  '-S^''  "f  1.725  feet  is  providedin  the  sugg^sS 
t'    total  dicha"  ^-\--/he  crest,  will  discharge   16,000  seconclfeet. 

1       total  discharging  capacity  w.th  pond  at  elevation  829.  all  sluices  open  and 
the  power  station  in  full  operation  is  134.000  second-feet 

Exceptional  length  of  spillway  is  supplied  in  view  of  ,hc  narrow  limit. 
within  which  the  headwaters  are  to  be  held.     The  construction  of  a  dyke" n- 
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nccting  the  higher  contours  on  the  west  shore  of  the  lake  woiilil  allow  a  further 
raising  of  the  lake  level,  and  might  repay  further  investigation. 


UNWATl.RIN(i. 


Several  methods  of  unwatering  might  be  adopted  in  the  construction  of 
this  plant,  the  selection  of  which  dejx;nds  on  further  investigation  on  the  ground, 
and  the  exigencies  of  construction.  In  the  following  estimates,  ample  yardage 
for  cofferdams  and  provision  for  pumping  has  lx?en  allowed.  No  exceptional 
difficulties  arc  to  be  anticipated  in  this  connection. 


NAVIGATION. 

At  the  McArthur  site,  provision  for  lockage  facilities,  should  they  become 
necessary  in  the  future,  has  Ix^en  made  on  the  central  island  (plate  53).  There 
ate  other  feasible  locations.  The  lock  depicted  is  300  feet  by  40  feet,  with  15  feet 
of  water  on  the  sills.     First-class  foundation  can  be  found  for  all  structures. 

This  lock  with  approaches,  can  be  constructed  at  any  time  in  the  future 
without  in  any  way  interfering  with  the  operation  of  the  power  plant,  nor  will 
the  provision  for  it  incur  any  extra  expenditure  on  the  present  construction 
of  the  plant.  On  the  other  hand,  the  present  construction  of  the  power  installa- 
tion will  not  place  any  obstacles  in  the  way  of  the  future  construction  or  opera- 
tion of  the  lock.  No  portion  of  the  cost  of  the  lock  or  approaches  is  included 
in  the  estimates  for  the  power  development. 

ESTIMATES   OF   COST. 


The  following  estimates  of  the  cost  of  the  initial  and  final  installations 
place  the  power  on  the  low  tension  switchboard  in  the  p>)w  er  station.  It  is 
considered  that  the  estimates  are  amply  cuuscrvative,  and  that  the  assumptions 
which  have  been  made  arc  fully  warranted.  As  it  is  wholly  improbable  that 
the  McArthur  development  will  be  undertaken  before  the  construction  of  the 
Du  Bonnet  plant,  it  has  not  been  considered  necessary  to  estimate  on  the  capital 
cost  of  a  spur  line  from  the  town  of  Lac  du  Bonnet  to  the  site.  It  has  been 
assumed  that  this  spur  line  has  alreadv  been  constructed  to  the  Du  Bonnet  plant, 
and  the  estimates  herewith  include  only  sufficient  to  construct  the  necessary 
connecting  siding  from  this  spur  line. 

Ten  per  cent  has  been  allowed  on  the  estimates  for  contin  js,  5  per  cent 

on  this  total  for  engineering  and  inspection,  and  Syi  per  ceni  l,.i  the  whole  for 
one  year  for  interest  during  construction. 

The  annual  ojjcration  costs  include  capital  charges,  and  represent  the  cost 
of  operation  at  the  power  station.  They  do  not  include  transforming  and 
transmission. 
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(l)   Initial   (levclopnicnt.     (FI!i'\en   2,50()-horsi'   powor  ir 

(l)     C  •tf'tl'il  Cost  uf  iH'iUUiitiun. 


Dam  and  equipment 

Ice  sluiii-s 

Power  station  and  rnuipnicnt 

Hydiaulif  installiition 

Klfi  trita!  installation 

Railroad 

Pernianrtit  f|Uartrrs 

<]ontiiiK''tu  u-<.  ]0  jicr  tent 

Kniinifctint;  .md  inspection,  5  portent 

Intercut  during  loii-truction.  5,'^  pi-r  cent. 
Alluwaiue  foi  Hooding  danuiKi-s 


3*2,000 

5  J,  (MM) 

5M  .(MtO 

J4S.)MHt 

JX-S.(MH> 

12,  (MM) 

I.i,(MM» 

Kil  .(MMI 

HH .  (MMI 

10J.(MMI 

7  5.  (MM) 


Total  initial  ( ost Si .  0.1 1 .  (MM) 

Twenty-four  hour  power  available  at  75  i)er  rent  over-all  ctTuiency.  18.400  liorse-i>ower. 

Capital  cost  (ler  24-hour  horfte-power , $U0..1H 

Capital  cost  Iter  instalkti  horse-iwwi'r 73 ! 88 


(2)      Annudl  i  'u\l  ../  0{yeratum. 

Interest,  .*inkinK  fund,  and  depredation  cliarges — 

Interest.  5.',  per  cent  on  S2.(M1.(MK) S 

Sinking  fund,  4  per  cent  i40-year  bondsj 

Depreciation — 

1  per  rent  on  permanent  works $         7. (MM) 

4  i>er  cent  on  nun  hmery.  etc .10, (MM) 

Operation  charges — 

Staff 

^upi'Iies 


2 1 , 0(M) 
8,iMM) 


It2.0(M) 
2 1.  (MM) 


2'>.000 


Total  annua!  ciiarge $     1«J'),0(M» 


Annua!  coat  per  horyj-.power  year,  24-hour  rwiwer 

Annual  cost  per  hnrst-  power  year,  machinery  installed 

Annual  co-^t  per  kilowatt  hour. . .    

Annual  cost  per  kilowatt  hour  on  basis  of  50  per  cent  load  factor., 


S10.S2 
7   24 


■\uu  iL-nt. 

■iM  cent. 


(2)   Final  (development. — (Seventeen  2,50()-!i()rsep()\ver  units.) 

(1)  Capital  Cost  of  JustaihUton. 

Dam  and  equipment S     312, OtM) 

Ice  ::iluices  and  west  embankment S2.0(M) 

Power  station  and  e(|uipment 7t>3i(M)0 

Hydraulic  installation [ i'>3.0(MJ 

Electric  installation (,oS  (MM) 

^^•''■O'"* I2!{MM) 

Permanent  quarters 20,(M)0 

C'ontincencies.  10  per  cent 2iy!ooo 

Engineerinp  and  inspection,  5  per  cent ..'....[......  12o!(MM) 

Interest  durinp  construction.  55i  per  cent .  .  .  l.W.'o(M> 

Allowance  for  flooding  damages 7.S  ,000 

Total  final  coat S2. 740.000 

Twenty-four  hour  ;)Owcr  available  .it  75  per  cent  over-all  effiti'-ui  y,  30,700  horse-pow-r. 

Capital  cost  per  24-hour  horse-power $89.25 

Capital  cost  jier  installed  horse-power ..'........  64!47 

(2)  Ammal  Co^t  ■>/  Operation. 

IntL'ii'st.  sinking  fund,  and  depreciation  char^es^ 

Intere^-i.  Sjj  per  cent  on  $>,740.(KM) $     ISi  (MM", 

Sinking  fund,  4  per  cent  i40-year  bondsj 29*000 

Depret  iation —  ' 

1  per  I  ''tit  on  i)ermanent  works $         9,0(X) 

4  j)er  it-nt  on  machinery,  etc [ .'.  .  .  44!o(M) 

r.  ,.  ,  -^ 53. (KM) 

Operation  charges — 

^tiiff.; $       27. (MM) 

Supplies 12. (MM) 

39.000 

Total  annual  charge $     272, (K)0 

Annual  cost  per  horse -power  year,  24-hour  power $M  S6 

Annual  cost  iH'r  horse-iHjwer  year,  machinery  installed .....!....!.!..  6.40 

..nf.:;;t.  rn:-t  prr  «;,a'A-;it*   .-f-.ur  _  ....  f)    '.if*  Cent. 

Annual  cost  per  kilowatt  hour  on  basis  of  50  per  cent  load  factor 0-272  cent. 
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Si;VKN   SiSTKKS    Rii.un. 

About  15  miles  above  Lae  tin  Bonnet  the  Winnipeg  river  is  liroken  into 
two  channels.  The  western  channel,  in  which  are  located  the  Seven  Sisters 
falls,  sometimes  called  the  Seven  Portages,  carries  the  main  iMirtion  of  the 
river  (low.  The  eastern  or  I'inawa  channel,  under  natural  conditions  carrieil 
(mly  a  small  part  of  the  flow,  more  es[)ecially  during  the  seasons  of  low  water 
on  the  river.  In  connecticm  witl  the  construction  of  the  Winnipeg  Electric 
Railway  Company's  ])lant  on  this  channel,  diversion  weirs  were  jilaced  across 
the  main  ;  d  secondary  channels  for  the  ])urpose  of  diverting  sufficient  water 
to  pro])erly  ojierate  the  power  stati<m  at  all  seasons. 

The  discharge  of  the  river  over  and  above  what  is  necessary  to  so  operate 
the  company's  plant  is  available  for  (levelo]iment  throughout  the  Seven  Sisters 
reach . 

Power  development  on  tliis  reach  is  subject  to  two  governing  ccmsiderations. 
The  weirs  at  the  head  of  the  reach  and  the  ])njtection  of  the  interests  of  the 
Winnipeg  E^lectric  Railway  ("ompany  in  resiiect  to  the  diversion  of  water  must 
be  fully  C(msidered  in  fixing  the  headwater  elevation.  The  jjrojxjsed  regulated 
level  of  Lac  du  Bonnet  will  control  the  tailwater. 

The  bank  contours  are  not  favourable  to  the  development  of  the  entire  reach 
in  one  concentration.  It  has  been  necessary,  therefore,  to  break  the  drop  into 
two  sites  called,  respectively,  the  Upper  and  Lower  Seven  Sisters. 

Lower  Seven  Sisters  Site. 


Thirty-seven  feet  have  been  incorporated  in  the  lower  devclojiment,  called 
the  Lower  Seven  Sisters,  since  it  includes  the  five  lowest  drops  of  the  falls  of 
that  name.  The  profxjsed  site  is  located  about  1^  mile  below  the  junction  of 
the  Wirtemouth  river  with  the  Winnipeg,  and  is  about  19  miles  above  the 
McAithur  site  and  50  miles  from  Winnipeg. 

There  are  other  feasible  points  along  the  reach  at  which  this  head  might  be 
concentrated.  About  lyi  miles  below  the  site  proposed  there  is  a  second  shallow- 
rapid  at  which  rock  outcrop  is  in  evidence  (m  both  river  banks  and  at  various 
l)oints  in  the  river-betl,  indicating  the  existence  of  favourable  foundaticm  condi- 
tions. The  location  of  the  plant  here  would  secure  a  slightly  greater  head.  On 
the  other  hand  considerably  more  land  will  be  flooded,  and  embankments 
would  1  ?  retiuircd  on  the  right  bank  to  raise  the  pcmd  to  elevation  870. 

The  plant  might  also  be  i)lace(l  .it  the  foot  of  the  Seven  Sisters  falls.  Suitable 
foundation  co.idilions  are  in  evidence  here,  but  a  considerably  longer  dam  would 
be  re(|uired,  and  some  loss  of  head  would  be  ex])erienced. 

These  alternati\e  sites  are  referred  to  here,  as  it  is  recognized  that  detailed 
CNploration  with  a  view  to  coiistructitm  may  disclose  more  favourable  foundation 
ctmdititms  at  points  other  than  the  one  which  has  been  selected.  The  river-bed 
conditions,  on  which  the  layout  discussed  and  estim.ited  herein  is  based, 
have  been  determined  solely  by  sovmding  through  the  ice  cover,  and  while 
these  soundings  have  gi\en  evidence  of  rock  along  the  line  of  the  layout  at  a 
suilabli-  ele\aiion,  tluA  cannot  be  taken  as  final. 


River  Bank  above  Lac  <lu  Honnct. 


•irst  Rapid  above  Lac  dii  Bonnet. 
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_  I  In.  nuk  o„t.Toi,s  whi.h  arc  in  evi.Inuv  at  m,  many  points  both  at  an.l 
m  the  v.cm.ty  ..f  .1,.  site  svWuh\  and  at  tlu-  altornativ.  sites  referred  to.  in.li.ate 
that  con.htions  as  favour.d.Ie  as  those  whicl,  have  I.een  a-  snn,e<l  (where  assum,,- 
t.on  ,s  necessar>  )  ran  I,e  readily  se.ure.l.  It  is  eonsi.lere.i  therefore,  that  the 
estimates  herein  form  a  fair  l.asis  for  siudyinj;  the  mst  of  developing  this  section 
ol  the  rl^•er. 

SPECIAL   CONSIDKRATION    At     llIK    I.OWKR    SKVKV    SISTKRS    SITli. 

In  conseciuence  of  the  division  of  the  ri^•er  into  two  channels  it  -^Hl  not  be 
profitable  to  undertake  the  dei^elopment  of  the  Seven  Sisters  reach  until  such  time  as 
the  r,ver  has  been  regulated,  since  durinR  times  of  low  water  the  major  ,K,rti,.„ 
of  the  flow  .s  daerted  d-nvn  the  I'inawa  channel.  For  the  pur,K,se  of  present 
.  iscussion  It  has  i.een  assumed  that  an  average  tl.nv  of  8,000  second-feet  is 
diverted  from  the  main  river  into  the  I'inawa  channel.  Inder  the  present 
run-off  conditions  on  the  river,  with  a  minimum  flow  of  12,000  second-feet  this 
diversion  will  leave  u  balance  of  only  4,000  second-feet  for  use  on  the  Seven 
Sisters  '•''•''^■h.  while  under  a  regulated  condition  of  20,000  second-feet,  there  will 
be  eft  12.000  available  for  use.  In  connection  with  plants  utilizing  the  flow 
oi  the  entire  river,  the  estimates  have  been  made  for  an  initial  and  final  develop- 
ment ut.h/ing  12,000  and  20.()()0  second-feet  respectively.  On  account  of  the 
altered  cndit.ons  at  this  site,  and  the  shortage  of  water  as  compared  with 
the  larger  plants,  ,t  has  been  considere<l  that  estimates  covering  the  complete 
development  only  will  be  sufficient  fur  the  purpose  o^  demonstrating  the 
possibilities  of  the  site. 


ri:acii  oi-  thk  kivicr  di;vii,oi'i;i). 

The  reach  of  the  river  dexeloixxl  extends  from  the  site  IJ  mile  Ijelow  the 
mouth  of  the  Whitemouth  nNer,  upstream  to  the  foot  of  the  second  drop  of  the 
Seven  Sisters  falls,  drowning  out  the  entire  reach  between  these  limits. 

Fifth,  sixth,  and  seventh  drops  of  Seven  Sisters  ^  .  '  -  fifth,  sixth  and 
seventh  drops  of  the  Seven  Sisters  falls  take  place  im  bove'the  White- 

mouth  river,  comprising  a  total  drop  of  16  leet  in  a  .  about  5,000  feet 

The  various  pitches  are  irregular  and  much  broken  ,  of  various  sizes 

these  being  formed  by  the  projection  above  the  water  ,u,u.ce  of  the  underlying 
granite  formation.  This  formation  is  also  in  evidence  along  both  shore  lines. 
1  he  three  pitches  are  not  clearly  defined,  but  to  a  certain  extent  gradually  merge 
into  each  other.  The  banks  on  either  side  of  the  river  rise  ^airly  abruptly  from 
45  to  55  feet  above  the  water  surface. 

Fourth  drop  of  the  Seven  Sisters  reach.-Thc  total  drop  at  this  point  is  some 
J  feet,  with  a  fairly  abrupt  pitch  taking  place  over  a  well-defined  ridge  A 
portion  of  this  ridge  rises  above  the  water  surface,  forming  a  narrow  granite 
island  some  400  feet  in  length,  along  the  line  of  the  pitch.  The  river  banks 
rise  from  2o  to  30  feet  above  the  water  surface,  and  the  whole  site  offers  exceptional 
facihties  for  the  location  of  a  hydro-electric  development.  The  contours  of  the 
banks  do  not,  however,  fit  in  with  the  limiting  features  governing  the  develop- 
ment of  the  whole  reach. 


Whiteniuuth  Falls 


Whitemouth  Falls. 
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Seven  Sisters  Falls,  Fourth  Fall. 
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rhird  drop  of  the  Sn'ni  Sisters  rculi.  I'liis  fall  tot.iU  ...m.-  H  f,.,-i,  aiul  is 
not  well  ilffimtl.  Tlu'  pit*  h  i.*  i.nikfii  liy  mmuroii>  .m.l  irrtKul.ir  i-.|.iii.l>  f..riiif.l 
of  ilic  usual  <iut(n)|.|)iiin  KMiiiif.  V]u-  uraiiil.-  furnialiun  i-,  .t\^,,  in  .si.l.n.i' 
on  Ix.lli  hhuri-s,  with  ili....v,Tlyii,n  mmI  ri>ing  to  a  IumkIu  .)f  alu-ut  J.S  |,-,|  al".\.'  ilu- 
water  surface. 


Seven  Sisters  Falls,  Third  Fall. 
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IlKAD-   AND   TAILWATER    KLEvAT  ON, 

The  headwater  elevation  is  governed  by  the  tailwater  of  tlu  r|)|H-r  Seven 
Sisters  plant,  which  has  l)een  fixed  at  elevation  870.  A  variat  .n  of  .,  f.-w  fe«'t 
from  this  elevation  may  be  advisable  when  more  complete  infer  ,.,tt- n  as  to  the 
river-lxKl  is  available.  Any  slight  change  which  may  b-  onsi.l,  r.^l  m-essa  v  i„ 
the  final  fixing  of  this  elevation  will  not  alter,  to  any  c  at  ext.-nt  he  f>«rit,  ,, 
whicli  follow  hereunder.  In  times  ui  ordinary  lo'.  vvater  in  !  he  nv 
should  l)e  no  appreciable  hydraul'  gradient  l)etween  the  l.ower  ai.,!  th, 
Seven  Sisters  plants.  In  times  of  high  water  the  t  'ilwater  of  tin  m 
will  undoubtedly  b.  slighlty  intorfere.1  with,  it  is  to  mltij;,,te  this  ir,u 
that  the  regulated  it. el  is  at  present  fixed  at  870,  this  being  .i;„,ul  ,?  i. 
than  the  nc-mal  water  level  above  the  third  i)itch.  Ans  such  ini. 
as  may  occur,  during  times  of  high  water  will  not  })e  excessive 
surplus  water  which  is  available  for  power  purposes  at  such  time-  u,li 
th.ui  make  up  the  small  loss  in  head. 

The  proposed  tailwater  'cvel  is  goven.ed  In  the  regulate<l  1,  xel  of  I  ir 
Ronn.t,  that  i;..  elevation  827.  There  is  at  present,  with  Lac  du  Bom.h  • 
normal  elevation  of  820,  an  hydraulic  gradient  of  some  11  fi>et  In^nween  the  I, 

and  the  power-house  site.    The  river  channel  is  fairly  regular  in  section  thn-ugl^ 

this  reach  hut  is  broke.,  by  a  slight  rapids  about  2;^  miles  1k>1ow  the  propose.l 
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•      1  .  .  ii4   i.n.iHiM.l   r.-ciilai..!  Ii-v«-l  thm-  will 

s, I!;;"  !:;,;!i;.r:.r;t ;;:::. .:;■;;;■-- ^ ■ 


Honiut    nBiitat.-.!   k>vcl.     A   >>  _  ,:.;...,.  ,.f  riv.t  flow. 


a\ 


;;il.a,lc(ur.Us.l..,..mn.un.Urn..r„ul.un.li,i..n... 


iiotiniM- 


•  •   •.      f  .1,,.   ii,.  ri^- toaiii'lcvationsctnii'wliat 
-n„.  hanks  i,>  the  i.nnu.lia..  s  .cm.  v  of  ,1  r  ^    o  a  ^^  ^^^^^  ^^_^^ 

lK.th  banks  gradually  ri.-.  Iku.^  at  •"'''";';/;';:,  ,,„.rtant  a„.l  will  he 
flcKKlin«  i.n..lv..l  i,.  the  n.„s.rt.rt.o„  "^ j"^,,  'j';  •  ;  ,,,,Lrv.  I  lu-  While- 
,,„,,,  ,,,  „.o  r.ver  channel,  -  .->  ;;;^    7  U^^^.^trea.u.  h.U  the  .lo.Klin, 

sloping  hanks  in  the  imn.c.liate  vicinity  of  the  r.ver. 

PONDAtiK. 

A  P....I  o<  UTS  acre  »■■ -ding  l«ok  ^o  <M.^^^  '^Z^^'Z 
provide  excellent  pondage  fatiUtics  lor  i        .        „  .j^      6o,(M»(l  hursep.)wer 

„ill.  a..uininB  a  "•""""""•'^^'''irf,;'  !;,,,„  ,,,1,  ih.re  »ni  W-  a.  .l.c  "PP.;' 

ICIC   CONDITIONS. 

U  .  con.deu.d  tha.  f.U  protection  a^nst  all  class.  ..fnt..  ^^^ 
ice  troubles  is  pr.ni.Ud  in  the  lay.>ut  -  'j  '»  ^^J"  J^"  ,-^0  plant  will  draw 
provision  is  nuule  for  the  passage  of  ''-"  «  ^^  ;^V very  large  portio.t  imn.e- 
L  water  direct  fron.  an  -P->-;^V''r(.cVn  depth  This  pond,  varying  in 
diately  above  the  site,  .s  rom  SO  ^«'/''  ^^-^/^  p,,„t  to  the  upper  site. 
.Ulth  from  500  to  3,200  feet,  -/r  ^,  7;.'^^  n  Sis'ters  falls.  Under  the 
drowning  out  the  hve  lower  ["^'^»^*-'^^  '^^^^'^^^j^.e  of  the  lowxr  three  pitch^ 
proposed  regulated  cond.t.onsU,epr^nwaH^  ^^  ^^^^  ^.^^ 

will  be  subn,erge<l  from  20  to  35  Icct  ^^^  ^^.^^  ^^  ^^^^ 

conditions  favourable  to  the  Pf -^;"  ^'  JX   ";\he  river  will  have  ample 

t^:^^'^^^-^^^-' '-'-  ^"  "^^^  ^^"°" '' 

reached.  j     r  »i,„  nnwer-house  are  well  located  to  draw 


W'lHniprsi  /^ii'^  l'iK<i  t  ,/(///  \/(if((i;,' 
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oxtiMiiU  .11  rcw!*  thf  fiicf  of  tin  riiir.iiiK   jiicr-  in  llif  |Miv^«r  lii.iisr       I'lic  t.u  k«.  .in- 
(iin><i(lin<l  to  Ik-  .mi|ilv  proii-cn-il  l.\  tliist-  iiif.i-.iir»>. 

I  III  Mi\rin\  (  ()\tirii>N<i 

Tlif  wliiili'  siu-,  Ml  f.ir  .is  iiiiilil  U-  «Uicriiiiiir.|  frmn  ifisiKVli'in  mil  (iiHiiliiiK 
thr  uikIi  tlu'  iiv  xiviT,  is  un<lirlai<l  with  Kr-mil*'  !<•  .ati..i!  this  (irm.itiim 
i*  tx|i<j!<'<l  «in  iMith  rivi'.  li.mlo,  and  ri«.i'>i  ahuvc  tin-  w.ittr  su  ,•  m  in-  <  li.iiiiul 
rliist-  to  the  liiu-  of  \hv  d.mi.  At  iM.inls  wlu-n-  solid  utck  was  not  iii.liiaicd  liy 
lindinK,  tlu-  prvst^Uf  of  !ioiild«rs  was  iti  cs  idrnrt".  This  fiMtii  v  li.is  alrr.idv 
Imhm  covcn-d  ill  thf  kciut.iI  intr<Khution  and  the  r.in.irks  .is  to  tlir  loumi.iiioii 
coiiilitions  ill  this  \i<iiiil\   .in<l  at  other  .ivail.iMe  siirs,  should  Im'  a'.;aiii  iiol.-d. 


MckIiI  of  Proposal  Lower  Seven  Si*ter<  Layout. 


i 

I 


I.Wcil  T. 

Ill  Uif  layout  which  has  been  .idoplcd  for  tlu'  piirpos,.  of  considfralioii 
(platu  57),  tin-  power-house-  h.is  lit-oii  pl.ict'd  .idj.ai'iit  to  the  riv;iit  l.ank.  Li-avinn 
the  outer  end  of  the  power  station,  the  dam  curves  67  detjrees  thnniKh  the  arc 
of  a  circle,  .ind  is  extended  as  a  tangent  to  the  left  hank.  The  line  of  the  dam 
and  power  station  has  been  located  alon^  the  route  showing  the  best  evidence 
of  underlying  t,ranite. 

Ice  sluices  and  roadway.—Thv  jMiwer  station  is  connected  to  the  rii;ht 
bark  by  means  of  three  ice  sluices  in  conjunction  with  a  concrete  corew.dl 
embankment.  This  gives  access  to  the  floor  of  the  he;-  Iwork's  house.  Access 
to  the  main  generator  floor  of  the  power  station  is  see  ed  by  means  of  a  steel 
hrifl  ■  ^^panning  the  chaime!  below  the  ice  sluices.  Ti.c  ihree  2()-foot  ice  sluices 
witii  sills  at  elevation  855,  are  ideall\-  located  for  clearing  the  foreb.iy  of  the 
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PLATE   No    58 
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PLATE  No  59 
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W'innipei'  Riirr  I'o-uTr  iiml  Stonii^r  hm-.sliii^ulion.s. 
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powir  station  from  all  floating  itv  .itnl  drift.      Tliu  disrharuf  tlironnh  tlif  sliiicfs 
finds  its  way  into  llic  river  Itilow  without  iiitrrfiriiiK  with  the  t.iilwatcr. 

Ptmer  station.  The  imjwlt  station  (plate  58)  is  desiKHi'il  to  contain  six 
single-runner  vertical  turbines,  each  of  l(),(MKi  horse-power  (apacityat  full  ({.ite. 
The  plan  and  section  have  lu'en  develoiied  only  in  sufficient  detail  to  arrive 
at  the  si/e  of  the  w.Uer  passages  necessar>  to  carry  the  w..ler  to  and  from  the 
turliines  at  permissible  velocities.  The  electrical  and  nnulatinn  e(|uipniiiit 
have  been  assumed  for  estinLitin^:  purposes  only. 

Till'  r.u-ks  and  headworks  have  been  housed,  both  for  i.ise  of  o|ieralinu  the 
stoi)IoKs  and  racks  and  for  protection  during  the  winter  s<-ason.  The  acks 
are  further  protei  ted  bs  .i  sloping  concrete  curtain,  witli  lowc-  ed^e  2  feet  below 
regulated  level,  across  the  face  of  the  entrance  piers.  Th.'  Iloor  of  the  he.iihvorks 
house  is  ,(t  elev.ition  X77,  or  7  feet  above  regulated  Uvel;  the  gineralur  floor  i^  .it 
v'lev.itiun  S52.  The  se.il  of  the  draught  lube  h.is  been  placed  .'I  f<-'2  .uid  I  lie 
discharge  from  the  pl.mt  I. ikes  pi. ice  across  liie  riser.  .\s  there  is  .imple  rix'er 
secliun  .It  tills  point,  there  should  be  no  interference  lu'twieii  the  diMh.irge 
tlirougii  the  power  station  and  through  the  sluices  of  the  (I.im.  Should  »uc  h 
inlerfert'uce  t.ike  pi, ice,  a  (  rib  i)rolt'ctiiin  for  the  t.iilr.ice  i-ould  be  eroimmic  all> 
constructed. 

ft  )  Complete  (icvclopmnit.  This  will  consist  of  six  10,0110  horse-i  ower  units 
supplying  machine  capacity-  for  the  utili/ation  of  t  2.001)  -,(  ond-fei'i  .ii  .i  .^7-foot 
head  with  turbines  considered  at  eight-tenth  gale  opening  and  ><.^  per  cent 
etViciency.  Under  these  conditions  the  installation  will  provide  a  sp.ire  unit  for 
emiTgenciis.  The  output  at  the  -wilchboaid  at  7,S  jwr  cent  elticieiicy  on  a 
24-hour  basis  is  37,900  hor-se-powi  r. 

Sluiceway  section  of  (lam.  The  sluicewa>s  of  the  d.im  .ire.  for  < mn-enience 
of  maniinilation,  loc.ited  on  the  arc  section  adjaci'iit  to  the  power  sl.ilion.  The 
sluices  are  eigiileen  in  number,  20  feet  clear  betwerii  \wr<.  with  sili-^  .it  ele\,ition 
8.S.S  fplate  59).  A  molor-driv  •!!  winch  for  handling  the  stoplogs  is  inrhided 
in  the  estimates.  The  underside  of  the  sluicew.i\-  deck  has  been  placed  at 
elevation  H75.  allowing  5  feet  clear  abo\e  the  regulated  ])ond  level.  Rock  has 
been  a^sumed  at  ele\alion  820  and  M25  thnuighout  the  leiiglii  of  the  sluicewa\- 
si'Ciion. 

Spill-i.'ay  scclinii  of  the  dam.  The  spillwa\  section  of  the  d.ini  connecting 
the  sluiceway  section  with  the  left  abutment  is  700  feet  in  length  with  crest  at 
ele\ation  870.  This  will  i)rovide  for  such  automatic  regulati.Mi  (Aer  and  above 
tile  sluiceway  discharge  as  is  necessar\-  to  care  for  sudden  rises  in  the  ri\'er. 
The  discharge  o\er  thi'  spiliwa\-  will  lind  its  \va>-  imobstructedl\-  into  the  riviT 
below.     Rock  has  been  assumed  at  elevation  815  and  820  beneath  this  section. 

A  fish   ladder  and   log  slide  are  located  adjacen*^  to  the  left  .ibutment. 
Suitable  provision  can  be  made  for  booming  logs  lo  this  [)oint  of  the  dam. 

DISCHARGE    CAPACITY. 


The  layout  submitted  will  discharge  81,000  second-feet  through  the  ice 
and  sluiceway  sections  at  regulated  pond  level.  The  power  station  itself  is 
designed  to  utilize  12,000  second-feet  at  normal  load,  and  although  this  should 
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not  \m  fonttUlerwl  .ih  a  iK-rmanent  wiurce  <»i  di>t<hiirge  it  forms  an  adilii.onal 
factor  of  »afi'ty  which  may  Ik;  avaiiubic  in  an  pmt'rRi'nry.  The  Pina'va  rhannel 
in  tM'l)iK  considfrrd  as  drawinf;  an  avi'ra({»'  of  8,(MM)  sorond-ftH't  from  thr  main 
rivtT  .ilthoiinh,  in  times  of  hiijh  water  in  the  |)ast,  this  lias  In-en  inrreasi-d  to  uImivc 
1 1  ,(HM)  sen )nd- feet.  From  the  above,  tlie  Lower  Seven  Sisters  plant  ran  aeiomfv 
date  a  tlixMl  of  104, (KM)  seeond-feet  without  exieedin^  the  proiK)sed  renidatcd 
level.  This  proviiii's  for  a  more  extreme  tlfMMJ  than  the  lii^jhest  recorded  witcr 
marks  along  the  shore  wouhl  indicate  as  having  (Kcurred  in  the  past. 

Although  the  above  provides  for  ample  discharniiig  capacity,  it  would 
not  be  wise  to  deiHMid  wholly  <m  mechanical  or  manual  o|H'ratif>n  to  care  for  the 
fluctuations  of  the  river  flow.  In  order  that  sudden  rises  in  tl'i-  stage  of  the 
river  may  be  automatically  cared  for,  a  70()-f(H)t  spillway  with 
crest  at  elevation  87(1  is  provided.  Thrw  feet  <»ver  this  crest,  which  all  the 
headworks  of  the  plant  more  than  provide  for,  will  discharge  12, (MM)  st'cond-feet. 
The  total  discharging  capacity  at  this  latter  elevaticm,  with  all  sluices  o|H.n 
and  the  power  station  in  full  ofH-ration,  is  l.?0,(MM)  second-fee*,  in  addition  to 
which  there  is  the  discharge  down  .he  Pinawa  channel. 


UNWATICRIXO. 


As  at  the  other  projiose*!  plants  along  the  river,  alt-mative  scheme-  of 
unwatering  may  be  adopted  in  the  construction  of  this  pi  mt,  the  selection  of 
which  will  depend  largely  upon  the  general  conditions  which  arise  and  which 
nmst  be  met  when  actual  construction  ojwrations  are  commenced.  Sufficient 
cofferdam  yardage,  together  with  ample  provisicm  for  pumping,  has  been  allowed 
in  the  estimates  for  this  purpose  and  no  sjiecial  difficulties  are  anticipated. 


NAVIGATION. 


-i  i 

■if 


The  winding  course  and  swift  current  in  the  Pinawa  channel  in  its  present 
state  wholly  prevents  continuous  navigation.  That  being  the  case,  provision 
is  being  made  in  the  Seven  Sisters  reach  for  the  future  inclusion  of  lockage 
facilities. 

At  the  Lower  Sev  n  Sisters  site,  future  lockage  facilities  can  if  necessary 
be  installed  on  the  right  bank  below  the  jMJwer-house  (plate  57).  A  sailing 
bank  built  up  from  the  material  excavated  from  the  approach  to  the  lock  will 
protect  the  entrance  from  the  effects  of  any  draw  towards  the  jwwer  station. 
The  lock  depicted  is  300  feet  by  40  feet,  with  15  feet  of  water  on  the  sills. 

This  lock  w  ith  approaches  can  be  constnicted  without  in  any  way  interfering 
with  the  operation  of  the  power  plant,  nor  will  the  provision  for  it  incur  any  extra 
expenditure  in  the  present  construction  of  the  plant.  On  the  other  hand,  the 
p'esent  construction  of  the  power  installation  will  not  place  any  obstacles  in 
the  way  of  the  future  construction  or  operation  of  the  lock.  No  portion 
of  the  cost  of  the  Ir-^k  or  approaches  is  included  in  the  estimates  for  the  power 
development. 


Winnifvg  River  Power  and  Storage  Invfstigations. 
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ESTIMATES  OF   COST. 

The  following  estimate  of  cost  covers  only  the  coat  of  a  complete  installation 
capable  of  developing  12,000  »econd-feet.  An  item  for  7  miles  of  construction 
railway  to  connect  the  left  bank  of  the  river  with  the  Canadian  I'acific  Railway 
Lac  du  Bonnet  branch  is  include<l.  A  lO-mile  spur  line  from  the  right  bank 
adjacent  ti>  the  power  station  would  connect  with  the  \Viniii|x'g  municipal 
tramway. 

Ten  per  cent  has  been  allowed  in  the  estimates  for  contingencies,  5  per  cent 
on  this  total  for  engineering  and  ins{>ection,  and  5j^  per  cent  on  the  whole  for 
one  year  for  in''  rest  during  construction. 

The  annual  operation  costs  include  capital  charges  and  represent  the  cost 
of  operation  at  the  power  station.  They  do  not  inclu<le  transforming  and 
transmission. 


(l)  Complete  development.  -(Six  10,000  horse-ptmer  units.) 

II)     CapiUlCoInf  tnilMatiaH. 

Ham  and  etiuipment . .    . . 

Ice  iluicet 

Power  station  and  efiui(inif  ni 

Hydraulic  inatallaiion 

Elei-trical  iniitallation  .... 

Pprniancnt  quartern .  . , . 

Kailroad 

t^ontinBPncipd,  10  per  cent 

EnKineering  and  iniii>ection,  5  per  cent. . . . 
Interest  during  construction.  5,'-i  per  cent. 

Totalcos*. |.».40'i.000 

Twc.  ."-four  liour  power  available  at  7:  per  cent  over-all  efficiency,  .ir.WXJ  hor«epower. 

Capita!  cut  per  24-iiour  horse-power , ,  . ,    |mq  5iS 

Capital  cost  per  installed  horse-power .'.'''.'.,.'.",",'..','*.'.',*..*  56  si 

(2) 


Annual  Cost  of  Opiraltm. 

Interest,  sinking  fund,  and  depreciation  charges- 
Interest,  SJj  per  cent  on  t.t.40«.U(K) 

Sinking  fund,  4  per  cent  (40-year  bonds) 

Depreciation — 

I  per  cent  on  permanent  works 

4  per  cent  on  machinery,  etc .    .  [ 

Operation  cKarges — 

Staff 

Supplies .'.['.[[..[.,[[..[.. 


.(     !R7,(ll»i 
M.uuu 


13,000 
.^5.000 


21,000 
16,000 


68,0l> 


J7,00(J 


Total  annual  charge 

Annual  cost  per  horse-power  year,  24-hour  power 

Annual  cost  per  horse-power  year,  machinery  installed. 


.t     328,000 


t8.6.S 
J. 47 


Annu  il  cost  per  kilowatt   hour 0-132  cent 

Annual  cost  per  kilowatt  hour  on  basis  of  50  per  cent  load  lacior .    ..'.'.' ."o ■  264  cent' 


Upper  Seven  Sisters  Site. 

The  upper  portion  of  the  Seven  Sisters  reach  of  the  Winnipeg  river  has  been 
concentrated  at  the  second  drop  about  4^  miles  above  the  lower  site  and  about 
55  miles  from  Winnipeg.  It  has  been  named  the  Upper  Seven  Sisters  site. 
The  general  conditions  governing  the  development  here  are  the  same  as  at  the 
lower  site,  the  same  amount  of  water  being  available.  The  Winnipeg  Electric 
Railway  Company's  diversion  weirs  and  the  t.iiUv.nter  of  the  Slave  falls  site 
about  21  miles  upstream  are  directly  affected  by  the  ht  dwaters  of  this  site. 
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spi'XiAi.  (  «)nsii»i:k,\tions  at  upphk  hkvkn  sisrKKs  Hiri;, 

As  a  rcMult  of  the  diviMion  of  the  rivor  into  two  ihatuii'U,  1/  will  not  he 
projitiihle  to  untlerlake  the  ilnrlof/ment  of  this  reai  h  until  siu  h  time  as  the  flow  of  the 
river  has  been  ret^ulaled.  For  iho  [)ur(<'>'<t!  of  tht-  pn-Hfrit  (liMni-^sioti  it  in  asMinietl, 
as  at  the  Lower  i*itf,  that  8,(MM)  sffoml-fit't  .iri"  (hvertitl  to  thf  ICIiTirii'  K.iilway 
(."ompany'H  (<laiit,  k'aviiijj  a  luihinri-  of  only  I.IHK)  sc'Con<l-f«i't  for  the  S-vi-n 
Sistrrs  rvarli  iiruli'r  thi-  pri-rtit  run-off  coti(hlion!t,  and  li,(K)()  M-<-on<l-ftt't 
avail. ildf  at  siuh  tiiiu-  as  llu'  rivir  in  rt'Kulan-<l  to  2<).<HK)  !»tToiiiifft't  mininiiini 
flow.  On  this  aci-oiint,  tin-  t>tiniat«'H  have  l)tt>n  ina«lc  only  for  a  final  (k'velop- 
nient  raf)iif)lc  of  utilizin>;  12,(KK>  stcoiul-ffet. 

HI  At  ir  OK  Till-   Rivi  k  nivi  i,()Hi;i>. 

The  rt-ach  of  llic  ri\i'r  t<i  Ik-  <IcvcIo|h>i1  (AIi-ikIi  from  ihf  sm  ml  drnp  of  tho 
SfMii  Sisters  falls  lo  the  weirs  of  the  Wimiijiej^  ICIectrif  Kailw.iy  Company 
at  the  head  of  the  I'inawa  ch.innel. 

Second  drop  of  the  Snen  Sisters  falls.  -The  layout  discussed  herein  is  loi  ated 
along  the  cresi  of  liu-  Second  drop  ol  the  Se\en  Sisters  falls,  This  droj)  totals 
some  '>  feet  under  n(jrm.il  conditions.  lied  rock  is  exposed  on  lioih  lianks  and 
alio\e  the  water  surface  towards  the  centre  of  the  stream. 

/■';>,\V  drop  of  Scien  Sisli'rs  falls.  -T\w  total  f.dl  at  the  lirst  drop  of  the  Seven 
Sisters  falls  is  ">  ft>et  iiii'Lr  normal  flow  cf)n.';tions  and  is,  to  a  lar^i'  extern, 
conientrated.  The  usual  fcrarite  f  :ation  is  in  evidence  on  Itoth  banks  aii<l 
in  the  ri\er  UkI. 

Wiiinipc'.:,  I:leitric  RuihMy  Company's  Weirs.  The  necessary  diversion 
of  water  down  the  I'inawa  channtl  to  the  \Vinni|H'K  Kleclric  Railway  Company's 
plant  is  secured  by  three  weirs.  (Plate  M).)  The  main  weir  consists  of  1,.^79  feet 
of  concretc-cappe<l  rock-fill  across  the  main  river  ch.innel.  with  crest  at  clev.ition 
105-.'^,  company's  datum,  or  «97 -44  Water  I'ower  Survey  d.itiim.  connected  with 
the  river  hanks  on  either  side  by  concrete  spillways,  crest  at  H97  -44.  This  brings 
the  total  length  of  the  m.iin  weir  up  to  1,652  feet.  Two  secoi.  ■  y  weirs,  one  of 
timln-r,  length  120  firt,  crest  at  «96-94,  the  other  of  concrete,  icngth  5,?5  feet, 
crest  80.S-94,  cnmplete  the  system.  These  weirs  ojieratc  as  free  spillways,  and 
the  water  level  .d)ove  varies  wilii  the  st.ige  of  the  ri\er.  After  the  construction 
of  the  I'pper  Seven  Sisters  plant,  the  weirs  will  be  submerged. 


ni:.M>-  AM)  r.Mi.WATi  K  i:i,i:\ AiioN. 

The  headwater  elevation  of  this  site  must  be  consideriil  in  the  light  of  several 
important  features  which  are  here  briefly  outlined. 

The  discharge  down  the  I'inawa  channel  varies  with  the  elevation  of  the 
.at..!  ab(i\e  the  weirs,  but  can  Ix:  completely  shut  off  by  the  ccjntrol  dam  now 
in  position  across  the  head  of  the  channel.  The  proposed  development  on  the 
rinawa  channel,  discusse<l  hereunder,  will  call  for  the  maintenance  of  the  intake 
w.ier  level  at  a  point  above  elevation  900.  The  headwater  elevation  of  this 
reach  will  also  directly  affect  the  tailwater  of  the  proposed  Slave  falls  develop- 
ment. 


Nmm  Sisters  I'.ills,  S(  otiil  K.il' 
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Seven  Sisters  Falls,  Second  Fall. 
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Si'ven  Sisters  l-all>,  First  Fall. 
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At  the  present  time  the  data  on  hand  covering  tlie  various  vital  features 
outhned  above  is  not  sufficiently  complete  to  permit  a  dctailc<l  analysis  of  the 
effects  and  results  of  the  diverse  conditions  which  must  be  considered'  For  the 
present  the  headwater  eIe%ation  of  the  Ipper  Seven  Sisters  lias  been  assumed 
at  elevation  899.  This  forms  a  fair  basis  upon  which  the  site  can  be  investigated 
and  will  result  in  a  somewhat  higher  elevation  above  the  weirs.  The  Held  data 
necessary  to  accurately  determine  the  effect  of  various  headwater  lexels  on  the 
conn.cting  interests  affected,  are  being  secured,  and  will  be  available  before  this 
reach  is  developed. 

The  tailwater  is  controlled  by  the  regulated  pond  lexel  of  the  Lower  Seven 
Sisters  re.ich,  giving  a  normal  hi-.ui  of  27  feet. 


FLOODINT,. 

The  banks  of  the  river  in  the  vicinity  of  the  site  rise  abruptly  to  elevation 
M>8.     At  this  elevation  the  ground  surface  becomes  approximateiv  level,  rising 
slowly  as  one  goes  upstream  until,  at  a  point  about  2 '4   niilis  u|)  the  river 
contour  905  is  reached,  and  about  1  mile  farther  contour  910  is  found  on  both 
banks  of  the  river. 

Regulated  level  899,  without  embankment,  will  result  in  a  certain  amount 
of  fUxxhng  immediately  above  the  plant.  At  the  same  time,  the  possibility  of 
excessive  floods  or  abnormal  conditions  raising  the  water  above  regulated  level 
must  also  be  guarded  against.  For  this  reason,  the  estimates  cover  the  cost 
of  an  embankment  with  top  at  elevation  906  extending  from  the  plant  upstream 
to  the  high  ground  on  both  banks  of  the  river.  The  material  necessary  for  the 
construction  of  these  embankments  can  be  excavated  in  such  a  manner  as  to 
form  a  ditch  for  the  drainage  of  the  low  land  to  the  rear.  At  regulated  water 
knel  the  embankment  will  only  have  to  withstand  a  three  fo.H  head  at  its 
heaviest  portion.  As  this  levee  will  follow  closel.v  the  river  bank,  little  or  no 
Hooding  will  result. 

A  ,,on<l  of  2,600  acres  will  be  created  between  the  dam  and  the  Electric 
Kailvvay  (  ompany's  weirs,  and  an  additional  5,870  acivs  will  be  indirectly 
available  above  tlte  same.  The  latter  pondage  also  supplies  the  Winnipeg 
blectric  Railway  Company's  plant  on  the  Pinawa  channel. 

The  utilization  of  this  pondage  for  peak  loads  re<|uires  careful  overM^ht 
As  pointed  out  above,  the  headwater  level  will  at  times  be  subject  to  a 
variety  of  possibly  conflicting  influences. 

//  is  essential,  therefore,  that  the  control  of  the  headuvters  of  the  Upper  Seven 
Ststers  he  kept  ,n  the  hands  of  some  independent  body,  such  as  the  Donnnion 
Government,  in  order  that  all  interests  affected  may  be  fully  protected  and  that 
the  river  may  be  regulated  for  the  benefit  of  all  concerned. 

REMOVAL   OF    THE   WEIRS. 

After  the  Upper  Seven  Sisters  power  plant  is  placed  in  operation,  the 
diversion  weirs  will  no  longer  be  necessary.     Their  removal  in  whole  or  in  part 


^^^  Department  of  the  Interior. 

[,,  U.n  be  l-eneficla,  to  ^He  TK>.cr^iUK^..;    a.  U  .iU  ^  JJl^^lSl'mU 
the  site  in  direct  contr.-l  of  the  pond  level  '-^''"^^  *^f  ;  ^^^  ^igh  stages  of 

p.event  the  loss  of  head  ^^^ich  -t  bc^^^at        l^n.  ^^  ^^_  ^,^^ 

::sr:'s,:;;;;b"  :;s;k-:.'s    Snv  controiiab.  fo^  .e.  both  at  th. 

Upper  Seven  Sisters  and  the  Upper  l''":;r.  f '^„,„,;ve.  but  a  portion  sufficient 
■  The  removal  of  the  ent.re  we.r  ^^'^^^^^"^^^  „(  Jrn.al  water  and 
to  counteract  the  anticipated  submer.e.l  '^'^"""'','^^^^, ;,,,,,•  small  cxp.-nse. 
t..  reduce  it  in  tinu-s  of  tlood,  could  be  --"^■^■'^. ;^^\;  ^'^t  '  Railway  Corn- 
It  would  be  a  decided  ^^^^'^^^ ^^^T^! ^Z^.i.^  and  per- 
,,,,,.  ,,  ,,ve  the  ^^\^:^Z:::^^^'nnr.^  at  all  stages  the  water 

"wer  rite  on  the  upper  portion  of  the  Pinawa  channe. 

ICE   CONDITIONS. 

,,e  upper  Seven  Sisters  ^^^-^^J^^^^t^^Zl 
varying  from  500  feet  to  a  mile  in  wKl.  "  ^  ^^'^^-^^^  f  J^.  ^,,.,  ,{  ,„„,e  2,600 
.veirs  of  the  Street  Railway    plant.    .  ^  .emg    a    -r^-  ^^^^^^^^^       ;„,, 

acres,  and  drowning  out  all  -tervenrng  ^ '^"^^  ^^^  J^,^^  ,,,,  ,  tendency  to 
in  this  stretch  of  the  r.ver  ^^  l;-' ^'"^7  ":rj;  i  ,  d  t^^^^  wh<,le  pond  will  act  in 

form  frazil  ice  are  thus  completely  ^^^^  ^  ,,,X  formed. 
^vinler  as  an  ice  covered  settlmgbasm  for  suhfrazd  .eta  ^^^^  ^^^.^  ^^^ 

The  sluices  at  either  end  o  the  P"-  "'  °-;;;^:^  ^  ,  ,,„,t„„  elevation 
floating  ice  and  drift,  while  the  ^^^-^^Xg^c"  The  face  of  the  entrance 
:-r:t:;:^^^rl  ';tr:^ZZ.  of  su..  matenal  agamst  the 
racks. 

FOUND.\TION   CONDITIONS. 

.,,,„  ,vh*.  »i.o  i.  ..».icrl».i  wi.,.  g,a„U=  '^'l":;  "^^0  Jl^f  """"" 

„„  „„,1-,  b^V,  of  .he  .ivcr  a„cl .™»™'-;,»  rTh,  ,»    .(»,„.,»,  i,..lica.o» 

.  >.i«.™.  P'»;'-;»«,; ,:  -   :    ;  Sou.  a„/ovc*in.  ™«.n,...  i..  a" 

;''!.!:::  r,:  ritriS  »v™,i  ^y  .he  u„c  ot  .ho  .1.,,,, ».... ,-«..  ■.,.....«. 

L^VOUT. 

,„  „,  ,,,„„.  (,.h„o «,  .hid,  ha, ;;- »;:;:r:'uh^T,ri^^^^^^^^^^^ 

„.„i„„  »  placed  adiacen.  .o  .he  n^h.  ,';™';,  ""'J '"™  i,,"    ,,d  „„.h.     A.  .he 
from  the  site,  until  high  ground  is  reached. 
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.S>(//v«v  srnioii  of, law.  The  s|)illwa>  Mrtion  of  tlio  il.iin  has  hccn  t'xiciuUd 
out  over  the  river  l)aiik  ^ivinK  a  total  length  of  60(1  feel  willi  eresi  at  el.\alioii 
8W  (plate  6,<).  Rork  has  been  assumed  at  elevation  885  ihrouKliout  this 
extension,  such  assum|,tion  heinj,'  fully  \varrante<l  hy  the  otinrop  alony  the 
shore.  The  si)ilK\ay  could  l)e  further  lengthened  at  conipar.itivelv  sniali  est 
should  it  l)e  considered  desirable.  The  discharge  will  find  iis  w.iv  into  the  ri\  er 
bc'lovv  without  obstruction. 

A  fish  ladder  and  log  slide  an'  located  at  the  junction  between  the  spillw.u 
and  the  sluiceways,  and  are  accessible  b\  means  of  the  |)laHorm  over  tlu'  hiller. 
Suitable  ])rovision  can  be  made  for  booming  logs  to  this  point  of  the  <lam. 


Modol  of  Proposed  fppiT  Seven  Sisters  Plant. 

Sl,n,e7.r,y  scrtion  of  ,la,„.-Thv  sluiceway  section  of  the  dam  consists  ,,f 
spenteen  2()-fool  ;  Uiices  with  sills  at  ..Icvation  884,  an.l  is  locued  adja.cu  to 
the  |.ower  stauot.  for  convenience  in  regulatiun.  A  .»,.„„  driven  win<h  fur 
liandlmg  the  stoplogs  is  included  in  the  estim.Ues.  The  underMde  of  the  ,luice- 
w..y  deck  has  been  pla.-e.l  at  elevation  <;04.5,  allowing  .S-.S  feet  clear  abov.-  the 
regul.it..,!  pon.l  level.  Rock  has  been  assumed  .it  .■Kv.ilion  OoS  ,o  ')7^  thn„,.|,- 
out  the  length  ot  the  sluicew.iy  section.  ^ 

_  /'o:,er  statin,,.  -The  power  station  .pl..te  62)  is  designed  to  contain  eight 
smgU-runner  vertical  turbines  of  6,(H)()  hors.-power  cpacitx  at  full  g.ite  The 
sccfon  has  only  been  .levelope.l  in  suflicient  det.iil  to  arrive  at  the  si/e  of  the 
water  pass..ges  necessary  to  carry  the  water  to  an.l  from  the  turbinc'S  at  pcrnns- 
s.ble  velocity.  1  he  electrical  and  regnl.Ung  cquipnunt  have  been  assumed  for 
estimating  purposes  only. 
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Tl..-  r.irk,  a.ul  h.a.Kvorks  havr  U^.„  h.u.M.I  in.  A  >|„,,i„jj  ,„n.  r.t,.  n.rtain 
aroun.l  ,  ,.  fa.  .•  .,t  ,  „•  nuran...  puTs  ...r.n.  a  ,,r..„.,  ,i..„  ,,,i„.,  ,l..a,in,.  i.v  ami 
Orirt  Ihf  ll.«.r  of  tlu-  lu-a,lwork«  houM-  is  at  .•l..vali.,n  <«M  4  l,.,t  ,|h,v,. 
rt-gulat.-d  l.v,-l,  wluk.  the  Ktm  ralor  ll.K.r  i>  at  .lisatiun  N,S7.  n,,.  ^,,|  „f  ,|ic 
(IraUKht  t.ilK.  ha.  Urn  ,,la..-,|  at  d.-vatiun  m,  aiul  tl,,.  ,li„l,arK..  frn.n  ilu-  i.lant 
takis  place  din.  ily  .l.iwii  thf  rivi-r. 

(1)  Comt>Ute  development.  Tlii«  .onsistn  „f  einht  f.,(MlO  ti„rs,-,K,vv.T  tiiiiis 
siipplyiiK  Mi.K  hine  rapacity  for  lIu-  iitili/ation  of  12,(KK.  s,-.-oiui-f.,l  at  ,  ><;  f,„.t 
h.M.I  u.th  turl.ims  o,nsi,I..r.-.l  at  .•inl,f.t..ntl,  ^..1^  oihtiImk  ."i.l  .S5  .n-r  .vnt 
c-thnnuy.  I  n.l.r  tlnsc  ...n.li.ions.  .his  inMallaii.-n  «ill  provi.!..  a  span-  unit 
for  nn,TK....M.s.  Tho  output  at  the  .« it.  hl.oar.l  a.  75  (kt  ...nt  cfti.  i.-n.-v  on  a 
-M-hoiir  basi.s  is  l^),(,m  horM'-poucr. 

I,e  sluices  and  ro,uh.;iy.  Th,.  pow.r  Ma.i.m  i,  ,  nnn,-.t...l  wi.h  ih..  ri.ht 
l'.mk  l.y  nioan«  of  the  i,-o  sh.i.-.way  .I.m  k  from  th..  h.a.luorks  hou,.-.  an.l  l.v 
nicans  ..I  a  st.vl  l,ri,lK.>  fr...n  th.-  (...luTator  (!uor.  Th,.  H.r.v  J()-f.H>.  i.v  ,|ui,vs 
u..h  Mas  at  d,.sa.io„  ««,,  will  a>siM  in  .LarinK  ,h..  lor..|MV  of  .loa.in,  i.-.-  a„.i 
.  rilt,  an.!  th,.  .hxharu..  ihrouKh  th..  sain..  will  U-  ,arri,.,|  uii-I.t  th..  I.ri.je..  ,„ 
th.-  riv.r  IhIow.  TJa.  l.ri.JK..  forms  a  .„n(inua.io„  of  th.-  roa.Iwav  wh..r,.|,v 
(lir.<t  .u.css  may  hi-  ha.l  to  the  g.-nerator  lloor. 

r.mlHn,k,„en,s.  The  esiimal..,  i„,  iu.h.  provision  for  th.-  o-nM,„..ion  of 
t«o  .mhankmenls,  one  on  eilh.r  si.l..  of  ,1,..  riv.r.  Th.-s.-  liave  l..v.,  ref.Tr...! 
to  in  th..  section  on  IliKMliiij^. 

i>i-<.  ii.\R(,i;  .-.\i'.\f  irv. 

''■'>..  layout  sul.niittetl  will  .lisrharge  77,00(1  se.-on.I-f.i^^l  through  iju  i..-   ui.l 
shmvway  se.-tions  at  r,.Kulat.   I  level.     Tin-  pou.r  stali..,.  its..lf  is  .le,iK„...|  ,o 
ut.h/..    12.000  s,.<-on,|.feet  at   normal   ioa.l.   an.l   ..IiIu-ukI.   this  shoul.l    not    he 
.onsi.l.r..,,  as  a  (R-rmanent  sour.e  of  disch  r^...  it  forms,  n.-v.-rtheless,  an  a.l.li- 
t.nnal  sour.e  ..t  s.if,.ty  whi.l,  may  Ik-  availahl.-  in  ,,n  emerK.-.u-      Th,.  I'i„..wa 
rlu.nn..|  is   .,.,„«  .-onsi.ier,..!  in  this  r,-p..rt  as  .Irawin^  .ui  av.rai;.-  o,  S.ooo  .,.,,,„,1- 
kf  t  fr.,m  ihe  mam  river,  ..Ith.umh  in  tim.-s  of  hi^;|,  v^.u.-r  this  has  l.,.,.,,  i„,r..,.s..d 
t..al..,ut     l.)00s...-on.l-f......    The  rpp,.r  Ses.-n  Sis,..rs  l.ivout  can  a.vommo.late 

a    .1.J.K     ..f    U.0,000   se..on.i.f,...,    i„    ..u.-   river,    .ithon,    ex.....lin« -.he   propos...! 

re^jiilat,-,]  li.\el. 

.\lthouKh  the  ahove  provi.h.s  for  ample  .lis.h.irging  c.p.uiiv,  it  is  not  a.l- 
vis.hle  to  d,^,K-nd  wholl>  on  mechanical  or  manual  o,K-ra.i.,n  to  care  f.,r  the 
fluctuation  of  the  river  .low.  A  60()-f..ot  spilh^ay  with  .rest  at  elevati.,u  899 
IS  prov..l,..l  m  or.U-r  th.it  su.l.len  rises  in  the  sl..go  of  the  river  „,..v  1^-  auto- 
".atic^illy  .are.1  for  at  such  times  as,  for  an>-  reason,  the  sluice  control  mav  Ik- 
>u«ltcte.l.  rhrc>e  fec-t  .ner  this  crest,  which  all  ,h..  hea.lworks  .,f  the  nl.mt 
more  than  provide  for,  will  .lischarge  10,000  s.-. ,  ,„d-f,H.t.     The  total  .lis.har.im, 

•■,^rati..n,  :.  126,000  sccuiid-kvl  in  a.i.iition  to  the  .lischarg.-  ,!own  th..  I'iuawa 
channel.  iii.i«.» 

«6,576-    16 


J 
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inwati-kim;. 

\.  al  u,lH-r  i.la.us  alnn^;  tin-  river.  aL^rnativ.  s.lu-nus  .,f  nnwat..rinK  may 
,,,  .„,.,.,..l  in  .lu.  n.nMru.-.ion  ..f  this  plan,,  tlu-  sd.v.iun  ul  whuh  ^v.  ,l.M.c.n. 
brudv  up..-.  ,lu.  Knural  ...,ulili..ns  wl.i<l.  ar.s,-  an.!  wl.ul.  „u.st  ,.  nu-l  ^^h<u 
'.al  .Jns,ru.-.i.!;,  operaU.-ns  ar.  .o.nnu.n.v,).  Sul.uu.-,,  o.lU.nla.n  var<la,., 
'oKHlu.r  ^vi,l.  a.nplc  pn.visiun  l..r  ,HnnpinK,  Las  U:n  al  nvcl  .n  ,1..  c.nuat.s 
f„r  tliis  parposc  an<i  i...  siKTial  .lilluultiis  .iro  .inU.M'ati<l. 

NAVII  NATION. 

Th,.  lH.a<lwa,ns  ul  this  plan,  will  I..-  r.-Kulato.!  f.  tlu-  hi^ilu-    ,- ■■  ■uis-iMo 
li,„i,,  k.-.pinK  in  Ni.^w  ,lu-  HT.. ,  of  ,l,v  sa.no  on  tl...  various  ,n,..r.s,s  ,nv<.lu,. 
Z     ioMK      as    ,1.<-    Winnip^K    l-l"''-    KaiKvay      Co.npany  s     ...rs     r.-n.an, 
i„     ,,,,  i,   ,i„  ,,,  i..,p.,ssil.U-  ,o  .on.plH.ly  .In.wn  ,.u,   llu-  .Irop  ■"-;'•'•<'■« 
place,   ov.r    ,lu.  sa.m-  ox.vp,  perhaps  in  ,inH.s  o,  .x,rvnH.  low  wa,or.        In  .Ir    . 
lill  varv  wi.h  ,1...  s,ap-  of  ,1...  riv.r  an<l  wi,l.  ,I.e  n>ns..|tun,  r.KU  a,.on  nc  ..ssa 
,„  ,,„„,,,    „K.  ,aiKva,.r  of   >lu-  Slav,    falls    plan,   and   ,lu-  .l,s<l,arK.  <l.^n   ,1 
IM,  awa  .hannd.      To  ...un-  navi,a,ion  pa.,  ,h.s  po.n,  w,  1  ,>oss,l,K  ■"—'•< 
,,,  ..„„s,rn.-,ion  of  a  low-lif.  lo.k.     On  .lu-  o,!...  l.an.l.  tlu;  o.nsU-.u  „on  o      1  e 
,  ,,p..r  S..vn,  Si>t.rs  plan,  .ill  rnuUr  ,1..  diversion  wc.-s  ol  ,lu.  S„-.v,   Ra  K 
(■.',',panvnnn.,vssarv.an.l,l...n.n,<.valofasuftui.n,    se.Uon    ,o    pornn,     ,1k 
passai;.'  of  ,rainc  will  bo  less  .-xpn.sive  than  lock  ,-,,ns,ru.  ,.on. 

.\,  ,1,..  power  si,o,  lo.ka,..  fa.ili,i.s  ran  l.o  provicU'.!  on  ,1,.  nor,l,  hank  of  ,  u- 
riv.r  a,  anv  ,inu.  afu.  ,lu-  plant  is  .•ons,rn.„..l.  11,.  lo.k  .U,>u....l  on  W 
:;....on.panyinK  plan  ,pla,.  01)  i.  ...0  foH  l.y  40  f.v,,  wi,i.  1.  ..■.•.  of  wa,,.  on  ,l.o 

"  "  This  lo,  k  wi,l,  approa.lH-s  ran  l.o  .-onstrnrtc-.l  without  in  any  way  interfering 
.i.h  the  o,H.ra,ion  of  ,he  power  plan,,  nor  will  the  pn.vis.on  .or  '>  --  any 
.x.ra  expe;uli,ure  in  ,he  presen,  eons,rue,ion  ot  ,he  plan,  -''"^^  "  ^  ^^  , 
...,ns,rue,ion  of  ,he  power  ins,alla,ion  will  no,  pkuv  any  ol,s,ades  u  ,h  v 
.,,  ,lH.  fu,ure  ,  ons,ruetion  or  o,H-ra,ion  of  the  lock.  No  por„on  of  the  u.st  of  tlu 
loek  or  approaches  is  inehxie.l  in  the  eslin.ates  for  the  power  .levelopn.ent. 

i,sTiMAri;s  Ol'  (osi. 
•n,,  following  es,i,na,<.  of  cos,  covers  ,he  capi,al  .-os,  of  a  con,pte,e  ms,alla- 
,•  .„  .,„,,,..  .,f  ,e..U.pin.  a  How  of  12.(H)()  s,.con.l-Uvt.     A,>   .ten.  f"'^'^  ■; 

of  railwav  is  :  chuled.  This  spur  lin..  n.ay  be  r..n  Iron,  the  c,  y  ..  \  ■  K 
„„„,,i,,..,  „.unway  on  the  right  bank,  or  front  ,he  n,a,n^  hue  o  tl  C  a^,.u  an 
l..,ci,u-    raiKsay    t<.  the  south  of  the  river,  the  d.stance  betuR  about  tlu   same 

'"  'Tet^  P  cent  has  iKvn  ..Uowe.l  in  the  es,i.na,es  for  contingencies  5  per  cettt 
on  this  total  f..r  engineering  and  i,,s,K.ction,  and  51  per  cent  on  the  whole  for  ..n. 
\ear  for  interest  iluring  construction.  ,  .i  . 

'        --he  annual  operaUon  costs  include  capital  .ha.ges  and  tvpre^.tt  the  c. 
..f  ..plration   at    the   p..wer  station.      They   do   not    include   transfornt.ng  and 
transmission. 


U'innip,,,  Uhrr  I'ourr  und  Slnnujc  ,  ..ve.lifiations  243 

(I)  (-...nplot,.  .U-v,.|,.,,„u.nl.-  (J.i^rlu  (,,()()()  hors.-powor  units.) 

II)        (   .iPll.itt  .r.,,.l    l„,,„ll,„,„„ 

I)ain  .imi  i"<|Uii.niiMl 

;'•"'!""■' S      iM.imt 

1  "wcT  st.ilioii  ,in.l  ,-,|Mi|.riii  111  '.(..IKK) 

llyih.iulii  in,(,ill.iiiciii.  "^xi.cHHl 

l-lc.  Ill,  ,il  insl.ill.iij,,,,    ,  H.'.lKK) 

•im.lll.Mt  .lU.lK.Is     .    <..'(, (Hid 

"■"""■"I     JO. (Mm 

;   ""IMIKMI.  l,s.    Ill  |l,r  ,1111     .  I14.(KK) 

■.nuiiui-riin;  iiii,|  iiiv,,,.,  ti,,,,,  5  ,„.,.  ,.,,||,  .^.M.IKIl) 

lm,u-Nt  ilililliu  .olislni.  li.iii.  S'     ],,raiil  l-M.IHKl 

.,  ii-Mimi 

Total, „,,l    

l«|■l.l^f„llrllo1lrJ„m,■r,l^.lll,,l,|,..„  7,  ,„.r  ,.,.,,.  „^,„^ . 

l.i|,,l.,l,„,tiKT  Jtlu.iirli„r«,.-i»,«iT 

l.iIMUl  ,„st  ,».r  iii:.t,,Il,.,l  Ii<irs..-,„nvvr\  ;; ')J  IH 

' 51.  75 

I.! I      .1  11)111,;/ (,„/„/  I >/.,■,„/,„„. 

lMlv.,-^1    Mnki,,.:  f„i„l.  .,,,,1  ,1,.,,,,.,  ,.„j„„ 

i'"   "^'/    ,l"r..iil  .,11  S->,7.'l,(l(Hl  . 

.   llilvlIlK  1,1,1,1,  4  ,„.,  ,,.„,   ,.,|,.j,.,„  |„„„|.,, S      IMI.IHHI 

'  '"'■'"""  ."J.IHK) 

I'll  >,iil  iii'iiii.iiiiiii    «„rks 

I  1"  I  •■■m  iii,uliin.-iv.  ,1,      ,,,  $        tll.lKHl 

,,  I'l.lHKI 

"l"ial,.,,i,|,,,rK,...-.  V.IKM) 

^"iMiiii-'  ...'.',...■■■■■■,■■; $    .'(I, (Mill 

I.I.IMHl 

...    ,    ,  ,     ,  .1.1. IKK) 

Ii'I.ll  .lllllll.il  ,  ii.iiy,.    ,  ,  ,  .  ,  -    -     -  . 

.XilniMl  cost  „T  hnrw-.jKm,.,   v,..,r.  J4-h„ur  i«nv,-r  '     -''"*. 'HMI 

.\miual,,,s,,,,.rlior«.-,,,w,.,  y.Mrini.i.E^^^^^^^  ;;    ;;    $...0., 

\iinii.il,„sl  |».|  kil„watt    hoiii  ' "* 

.Aiiiui.,1  ,  „.|  ,K-i  kil„»,,u    |„,u,  „„  !,,,,„  ,„  s„  !„.,  ,  ,,,,1  |_^  ^  I  I  ^  ^^^^  (,-  H.S  ,,,.„( 

('•.J76  ,,-nt 

Upper  Pinawa  Site. 

."Pi:,  lAI,  („xsm.|.:k,,„.ns  .vr  ,:i.,.|.:k  ,.,m„a  hji:. 

':::"i::' »,";,,;'';;,.;z;:^,°',":r'"'"''''.  '"^  ^ ^^  "> -- 


'<irrr  P,n,rr  and  S.'onivr  h::rsli'^n!io„s. 


Will II ip,"^  Hi 

ki:a<  II  or    I,,,.;   Kivi  i<  i)i,\  i:i.,,i.|..i,. 


245 


ki:a<  II  or    I,,,.;   Kivi  i<  i)i,\  i:i.,,i.|..i,. 

level  at  .he  nuk '.:  1  i  '^  ::;;':r^ ^'v^!''  '"•;""'■'  ""i'^-  ''■'"•  -- 

-f  tlu.  reach   lloo.,..,.     The  e.:,::l,  ^  ^  :'  i;;^^;:'  ^'^  ''--  --'"■. 

^'['"•n  2',  miles  al,ove  the  site     n»l  ,  I  V       V  '<■"'"■'>•   (  on,,. any, 

l-el.      Inexpensive  ^,   r  ."^  s  '   '   /■'^-''r-'l'--l.e.l,  will  |„.  „.„„,..,  „  ,,4 

<-...Ur ve,',hePin,;u;iw  """"'    "^   ''"""""^''    "^    ^   ^'    --.IHc 


Pinawa  Channel,  First  Rock  Cut. 


1II:a|) 


AM)     lAII.WAUR    l:i.I,\   \riON-- 


elevation  is  881 -5.  «lt^aIl,)n  ,s<<).4.      The  normal  taiiwater 

ai.ove";he'S:;;n,'i::";;;;i  i;!?"-"-^ "" "-  '•'-"'-  >-  '"■  -.intaine., 

down  the  channel.  '  '"  """"■  *"'"''  ""  "'^'  ^•"'"-^'  "f  -ater  taken 

upon  the  conni  '.;  o '^;    s^;^?  "  T"""'-'   '""'  ^"'''"'■^  '"  ''"^''^  vision 

somewhat  higher  w.r  level  Xrih      T  •""''  "■^"""•'-     ''  "'"  ''-•"'-  ^' 

on  the  river  discharge      X  ,    liffia  1  v  shonrrr'"'  """'  "'  '^^^^"'^  '^^^"'■-'->^ 

this  regulated  level. 'hould  ^^l  ^  I  \.e  'h  T'^il  '"  ^"^'"'^-  "'^'"^ 

Pinawa  site.  "''''-'  '"  '^"^^  '"t^'esls  oi  the  Upper 

nna»,,,  .,„d  ,|,c  mcroa^J  clia„„ei  cmt.^aim  r.,„lii„g 
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will  practically  do  away  witi.  the  hydraulic  gradient  from  the  pro'-iil  intake 
to  the  control  dam.  From  the  control  dam  to  ;!ie  ])ro|K)sed  jMnver  site,  a  dis- 
charge of  8,01)0  cubic  feet  per  seconil  can  he  secured  with  a  jjrade  droj)  of  about 
1  foot. 

The  crest  level  of  the  l'pi)er  Pinawa  site  has  been  provisionally  ])laced  at 
800 '.S,  giving  a  head  of  18  feet.  This  can  be  considered  as  an  average  head 
available  for  development. 

FLOODING. 

The  bank  contours  immediateK'  above  the  site  call  for  thi'  construction  of 
retaining  embankments. 

These  will  prevent  an\-  extensive  flooding  directly  above  the  i>lant,  while 
above  the  channel  intake,  flooding  conditions  will  be  |)ractically  the  same  as 
those  now  resulting  from  the  diversion  weirs.  About  42.S  acres  will  be  flooiied 
between  the  site  and  the  control  dam. 

f()Nn.\t;i-:. 

The  Dondage  anove  the  Upper  Seven  Sisters  site,  inclusive  of  that  above  the 
diversion  dam,  is  rf,470  acres.  To  this  will  l)e  added  780  acres  between  the 
control  dam  and  the  proposed  Upper  Pinawa  site,  making  a  total  of  9,250  acres. 
This  pondage  under  t  proper  control  can  be  made  directly  a\ailable  to  the 
proposed  plants  at  the  Up])er  Seven  Sisters  ar,  1  the  l.'pper  Pinawa  sites,  and  to 
the  existing  power  station  of  the  Winniiieg  Electric  Railway  C'ompatn-.  Careful 
regulation  is  essential  here,  and  can  only  bi'  proi)erly  exercised  through  impartial 
central  control. 

IC'K    CONDITIONS. 

The  ice  conditions  which  are  encountered  along  this  channel  are  elsewhere 
described.  The  fleveloi)nuiit  of  the  I'pper  Pinawa  site  will  greatly  better  the 
present  conditions  during  the  winter  .season,  although  it  is  ([Uestionable  whether 
ice  troubles  will  be  entirely  done  away  with.  I.ong  stretches  of  disturbi'd  water 
will  be  entirely  flooded  out.  while  the  current  in  the  balance  of  the  reach  will  be 
quieted  and  reduced.  Winter  o|)erating  conditions  for  the  W  inni])eg  Electric 
Railway  Comi)any's  i)lant  will  be  greatly  improved. 

IOUND.\TION   CONDITIONS. 

The  entire  site  of  the  power  station  and  the  dam  shows  exposed  bedrock, 
providii>c:  foundation  conditions  which  could  not  be  bettered.  Exploration  is 
requircil  along  the  route  of  the  embankments  but  in  view  of  the  low  heads 
to  be  withstood,  no  difficulty  is  anticii)atci  in  connection  with  their  construction. 

LAYOUT. 

In  the  layout  (plate  65)  which  has  been  considered  herein,  the  ])ower  station 
has  been  placed  at  the  foot  of  the  rock  cut.  The  station  is  connected  with  the 
high  ground  on  the  right  by  a  combined  sluice  and  free  spillway  concrete  dam. 


-jiiKk..  *t^ 


U;„nipc^  Rrcer  Pourr  an<l  Slora^e  I„vvsl,^atio„s.  jAl 

».oor  .s  placed  at  dovation  80.?. 5,  tlu-  renire  1        ,,    n      ,    ",  ■       '  ''"'''■'  '•"""' 
the  water  seal  „f  Uu-  .Irauglu  tuhe  at  8^  :    1     ^  '^  ^^^  -  ^^^,"'  •'■;•' 

flownstream.     The  station  as  •.  «l„  I     »        i         '"^'"'TR^'  l'''-i'M>'a(V  direcilv 

'J'!- -■- »"^-;'. :;*,!;:;  ;::;':i";:;;":/t^ ^ 

elhcency  on  a  .M-hour  l.asis  is  12„S.)()  horse-power  '      '"''  '''"' 

/j«;;/.-^-Four   2()-foot   sluiaways  uiih   sills   at' elex  Uion    SS4    ;    l 

placcl  to  the  east  of  and  adjacent  to  the  power  Ma,  n  T  •  n  ,  T  '"" 
sluiceway  ,leek  is  placed  at  elevation  904  \       1  "'"'''"  '"'''  "'  "•^• 

rogulate<l  level.  The  free  ^  i  ,  "  '(^  f  '""'f  '  T  '""  '''''''''''•''  '''"-^• 
shore  on  ,he  riKlu   hank.      H.  k  j.    '  ,  '"   T"''   ^"■'""   ""'  '—'-">« 

length  covered  l,v  the  dan,  '    ""'  ""   "'"  ""••■^"•''  "•■""^l-.n    ,he 


Upper  I'inawa  Power  Sit,-,  I.i,u.  of  Propo.,  ,|  Dam. 


Detail  xpioraS  ;  t;l  ^t'^oir'  ^■'"■"'""  ''"^'  ^"'"  ^^'^  ^  ^  '  ^'"I- 
but  little  diffictdtv  shoT  !  ;.ncou«eroT-'  Tr''''^  ™"^^  ^"  '^  ^""'--1. 
AlK,ut8,000feetofend,an':.nt  in  ,'".'":'■"''  ^   favourable  location 

be  call.l  upon  to  with't     a  a  goat^held  i.  "-'  '^"'^'^"""^  '■"•"'f-'  -" 

will  „>erely  act  as  a  protect  on  'J. inst 7  •""  '■  "''  """^'  '-*''""•  -^•"""  ^-^ 
greatest  head  to  l,e  wSHstood^^::;,:it:f  irZ^Tf'r'  "^"-       '""^ 

U1SCJI.\RGE    CAP.^CITV. 

erratir  ll„„  than  ,,„,  ,3  ,.^,  ^^^.„  ^^__^^^  ^__^^^^  ^^^^ 
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Pinawa  channel.  Seven  humlred  and  fifty  feet  of  free  spillway  will  provide  for 
automatic  regulation.  The  headworKs  will  withstand  a  tive-foot  rise  above 
crest  level. 

UNWATKRING. 

The  physical  characteristics  of  the  site  simplify  the  unwatering  problems. 
The  estimates  hereunder  inclutlc  suflficient  cofferdam  yardage  and  pumping 
allowance  to  cover  the   inticipatcd  cost. 

NAVIGATION. 

Navigation  interests  have  been  provided  for  on  the  main  river  channel, 
i.e.,  along  the  Seven  Sisters  reach.  In  both  the  Upper  and  Lower  Seven  Sisters 
layouts,  lockage  facilities  can  be  included  at  any  time  in  the  future.  In  conse- 
quence of  this  there  is  no  necessity  for  lockage  provision  along  tha  Pinawa 
channel,  and  none  is  made  at  the  site  under  discussion. 

ESTIMATES   OF   COST 

The  estimate  of  cost  hereunder  follows  the  standarizc-d  estimates  of  the 
other  sites  investigated.  Eight  miles  of  railway  are  included,  covering  a  spur 
from  the  city  tramway  line. 

Ten  per  cent  has  been  allowed  for  contingencies,  5  per  cent  of  this  total  for 
engineering  and  inspection,  and  5  J  per  cent  on  the  whole  for  one  year  for  interest 
during  construction. 

The  annual  o[)eration  costs  include  capital  charges  and  represent  the  cost 
of  operation  at  the  power  station.  They  do  not  include  transforming  and 
transmission. 


Complete  Development — Four  4,500  horse-power  units. 

(I)      Cafital  Cnsl  of  In^l.ilhUir'ii. 

Dam  nnii  equi^imcnt.. .  .S 

Ice  sluices 

Power  station  and  equipnutu ... 

Hydraulic  installation 

Electrical  installation 

Railroad  (8  mil-.-s) 

Permanent  quarters 

Contingencies.  10  jfr  cent 

EnsineeriuK  and  inspection,  S  per  cent 

interest  during  construction.  .S^j  per  cent.  .  . 


84,  (XX) 

J.s.lHK) 

3!<.5,0()O 

l«(),(HKl 

270, WK) 

96,  IKK) 

II), (KX) 

IIW.OOO 

.ss,noo 

b7.nO(> 


Total  cost $1  , 

Twenty-four  hour  power  available  at  75  per  ;ent  over-all  efiiiicncy.  I2,iW  hurse-powcr. 

Capital  cost  per  24-hour  horse-power 

Capital  cost  per  installed  horse-power 


}  104, 07 
71.  II 


(2)     A  ftnutil  cost  of  Operation. 

Interest,  sinking  fund,  and  depreciation  charges — 

Interest  .S>1  per  cent  on  il,2S0.(KK) 

Sinking  fund.  4  per  cent  t40  year  bonds) 

Depreciation — ■ 

I  per  cent  on  permanent  works 

4  ix*r  cent  on  macliinery.  etc 

Operating  charges — 
Staff 
Supplies 


t  4,(KX) 

20.001^ 


$70,0(K) 
1J,000 


24.  (XW 


Annual  cost  per  horse-power  year,  24-hour  power 

Annual  cost  per  horse-power  year,  machinery  installed 

Annual  cost  per  kilowatt  hour 0,l.5<)  cent. 

Annual  cost  per  kilowatt  hour,  on  basis  of  50  per  cent  load  factor 0-318  cent. 


.^i^f.-^'ir^r'- 


i^smw!^-fjjM- 


.-Rn»i 


mmm 


5 1 
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head  would    have    been    very    attractive     L.  '^^^^■^f'opn^ent  of  this 

municipal    plant    of   the  dtv    of    U'         '  '        *;    '"    *''""    '"'^^^'°"    «f    the 

considered  "^  ^^'""'P^«    .m.nediately    above,    cannot    be 
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prop^ta^t^Lrt  ""  ^""t':™^'-  "'f^  '-  ^'ven  t.>  the  e-Tect  of  the 
pla.U  at  PoTnt  c  u  bI  ^"  At  th,  7'"  "^  '''  "^^'  °^  ^^'""'Vg^  "-nicipal 
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The  engiiuHTs  of  the  city  of  Winnii^g  have  endi-avoured  to  lessen  ice 
trouhles  ill  connection  with  the  Point  du  Bois  plant  by  blasting  away  a  portion 
of  this  ridge. 

^  The  vyatcr  seal  of  the  draught  tubes  of  the  power  station  is  at  elevation 
925  1,  while  the  normal  water  level  Iwlow  Eight  Foot  falls  is  about  921.  The 
<lesign  of  the  power-house  therefore  places  a  distinct  limit  to  blasting  operations 
at  these  falls.  Undoubtedly  the  high  backwater  effects  which  occur  in  the 
tailwater  during  flood  ix-ritxl  (high-water  marks  on  the  rocks  hereabouts  would 
indicate  an  elevation  of  about  938  or  939  at  some  time  in  the  past)  can,  to  a 
certain  e.xtent,  l)e  remedied  by  further  blasting  at  the  falls.  However,  unless 
means  are  providetl  for  maintaining  the  tailwater  during  seasons  of  low  water, 
at  a  higher  elevation  than  the  water  seal  above  referred  to,  all  such  blasting 
oiK-rations  must  l)e  limited.  Such  a  measure  of  control  will  be  available  in  the 
contemplated  dam  at  the  head  of  Slave  falls.  The  construction  of  this  dam 
will  ]x.>rmit  of  considerable  improvement  in  the  city  tailwater  elevation  during 
high  water,  and  at  the  same  time  maintain  the  necessary  level  for  the  water 
seal  during  low  water.  It  is  doubtful,  whether  the  advantage  to  be 
gained  would  warrant  the  expenditure  necessary,  since,  during  high-water 
conditions,  the  headwaters  of  the  city  plant  rise  and  tend  to  compensate  for  the 
rise  in  the  tailwater.  Again,  the  extra  water  which  is  available  for  power  pur- 
poses at  such  periixls  will  provide  a  cheaper  means  of  maintaining  the  power 
output  than  expensi\e  blasting  operations  at  the  Eight  Foot  falls. 

The  results  of  the  power  surve:,-  have  confirmed  the  o])inion  exjiressed  on  the 
ground  by  Messrs.  Freeman  and  McRae,  during  the  preliminary  reconnaissance 
trip,  i.e.,  that  the  natural  and  economic  point  at  which  to  make  use  of  the  Eight 
Foot  f.ill  is  at  the  Slave  falls,  about  iyi  miles  below. 

Slave  falls.~At  Slave  falls  a  fairly    abrupt  tirop  of  about  18  fe  rs. 

The  left  bank  is  abrupt  and  high,  while  on  the  right  bank  below  the  ta.  .  l 
is  a  low  fairly  level  strip  of  shore  roughly  sloping  from  elevation  915  down  to  u.e 
water's  edge,  and  maintaining  this  slope,  so  far  as  present  soundipgs  would 
indicate,  for  some  distance  beyond  the  shore  line.  Landward  from  this  low 
section,  the  bank  rises  abruptly  to  elevation  950.  The  whole  forms  a  most 
suitable  location  for  the  contemplated  power  station  and  head-race. 


HE,\D-   AND   TAILWATER    i:i.EV.\TIONS. 

A  detailed  discussion  of  the  effect  of  the  headwater  elevation  of  the  Slave 
falls  concentration  on  the  city  of  Winnipeg  plant,  and  of  the  eflfect  of  the  Winni- 
peg Electric  Railway  Company's  diversion  weirs,  and  of  the  proposed  Upper 
Seven  Sisters  development,  on  the  tailwater  elevation  of  the  Slave  falls  plant, 
cannot  be  undertaken  until  the  complete  gauge  records  are  available.  For  the 
present  the  head-  and  tailwater  elevations  are  assumed  at  928  and  902,  respect- 
ively. The  tailwater  will  vary  in  elevation  with  the  stage  of  the  river,  due  to 
the  free  spillway  weirs  below,  and  in  order  to  maintain  a  mean  hf  ad  of  26  feet 
the  headwater  elevation  must  var>'  in  proportion.  This  can  be  suitably  arranged 
for,  since  the  headwater  of  the  city  plant  discharges  over  a  free  spillway  dam, 
and  hence  also  varies  with  the  river  stage.     As  a  result,  the  tailwater  which  will 
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be  directly  dciK-mleiit  on  tht-  headwater  at  Slave  falls  can  also  he  permitted  to 
vary  in  elevation  in  keeping  with  the  headwater.  Suitable  reKul.ition  can  he 
maintained  at  the  proiM.sed  Slave  falls  develojiment  to  ensure  the  recjuired 
heads  at  both  plants.  This  regulation  must  however  be  super\ise<l  by  some 
independent  authority. 

M.noDINCi. 

The  flo<Kling  involved  by  raising  the  water  level  to  92K  and  allowing  for 
a  further  rise  of  5  feet  if  necessary  during  high  water,  will  amount  to  about 
100  acres.  The  banks  are  abrupt,  and  the  land  flooded  consists  practically 
entirely  of  a  narrow  strip  ah.ng  the  immediate  shore  line  of  the  river. 


I'OND.uii;. 
Holding  the  water  to  elevation  928  will  create  about  t„SOO  acres  of  pondage. 

ICE    CON'DITIOXS. 

In  considering  a  suitable  layout  for  a  hydro-electric  development  at  this  site, 
t  he  (piestion  of  ice  conditions  during  the  winter  season  was  given  special  considera- 
tion, m  view  of  the  fact  that  the  proi)osed  layout  involves  a  head-race.  In  the 
design  decided  upon  (plate  68)  it  is  anticipated  that  there  will  be  no  ice  troubles 
exi)enenced  in  the  oiK-ration  of  the  plant.  The  head-race  has  been  laid  cut 
with  easy  curves,  and  has  been  excavated,  where  necessar>',  to  a  practically 
level  bottom.  It  is  designed  to  carry  12,000  second-feet  to  the  initial  develop'- 
ment.  and  20,000  second-feet  to  the  final  development  at  a  rate  of  about  2-7 
feet  per  second.  This  will  proviile  an  undisturbed  approach,  leading  from  a  deep 
pond  which  extends  upstream  to  the  tailwater  of  the  citv  plant,  and  vMiich  will 
be  largely  ice  covered  during  the  winter  season.  The  princijnd  conditions 
tending  to  the  formation  of  frazil  and  anchor  ice  are  thus  eliminated  and  the 
water  will  he  drawn  into  the  plant  with  jiracticallv  no  disiurbaiue.  The  dis- 
charge from  the  draught  tubes  takes  place  into  the  open  ri\-er,  whi.h  although 
somewhat  disturbed  at  this  point,  due  to  the  discharge  over  the  <lam,  can  be 
readiK  protected  it  necessar\-  by  a  rock-fill  crib. 

Floating  ice  and  drift  are  etticiently  cared  for  in  the  proposed  hnout  by  a 
log  boom  suitably  ,>laced  at  the  entrance  to  the  head-race,  and  b^•  the  sloi.'ing 
concrete  curtain  which  protects  the  entrance  to  the  racks  in  the  ]M)wer  station 
The  three  ice  sluices  at  the  south  end  of  the  power-house  will  i)rovide  both  the 
current  :ind  the  means  of  exit,  by  which  all  floating  material  passing  the  boom 
may  he  discharged  automatically  into  the  lower  river. 

I'OUNDATION-   COXDITIOXS. 

Solid  granite  shows  on  the  surface  over  practically  the  entin;  site,  forming 
an  unexcelled  foundation  for  all  structures.  In  carrying  the  dam  acro.s  the 
nver  along  the  crest  of  the  falls,  it  has  been  necessarv  to  make  assumpti.ms  as 
to  the  elevation  of  the  submerged  rock.  The  means  at  hand  during  the  power 
survey  did  not  permit  detailed  soundings  being  made  along  the  crest  of  the  falls 
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for  the  purixjse  of  tictcrmining  the  exact  elevation  and  location  of  the  highest 
rock.  This  was  consiciere.l  to  be  a  matter  which  could  be  better  determined 
by  whatever  mterests  might  develop  the  jwwer.  Sufficient  evidence  is  to  hand 
to  show  that  rock  foundation  is  available,  and  the  assumptions  made  as  to  the 
elevation  of  the  same,  after  a  careful  study  of  the  conditions  and  inspection  on 
the  ground,  are  considered  to  be  sufficiently  conservative  for  estimating  purposes. 

LAYOUT. 

The  contours  in  the  vicinity  of  Slave  falls  lend  themselves  admirably  to  the 
layout  adopted  (plate  68).  The  abrupt  rise  in  the  rock  on  the  right  bank  occurs 
just  sufficiently  far  back  from  the  water's  edge  to  carry  the  waters  of  the  head- 
race, at  permissible  rates  of  flow,   without  having  to  resort  to  excessive  cxca- 


Model  of  Proposed  Slave  Falls  Plant. 

vation.  This  natural  advantage  is  not  continued  to  the  entrance  to  the  head- 
race, where  a  shoulder  of  rock  juts  out  to  the  river  bank. 

In  the  general  scheme  of  layout,  contour  938  on  the  left  bank,  is  connected 
with  the  power  station  by  means  of  a  solid  concrete  stoplog-controlled  dam 
located  along  the  crest  of  the  falls,  and  curving  in  the  arc  of  a  circle  through 
90  degrees  to  a  direction  parallel  to  the  river  flow.  The  power  station  is  con- 
nected with  the  right  bank  by  means  of  a  roadway  over  three  ice  sluices  and  a 
short  embankment.  In  all  structures  only  the  most  permanent  class  of  construc- 
tion has  been  considered. 

Fish  ladder  and  log  stide.~A  fish  ladder  and  log  slide  are  provided  adjacent 
to  the  abutment  on  the  left  bank,  hence  preventing  all  interference  with  the 
operation  of  the  power  station  from  logging  operations  on  the  river. 

Sluiceway  section  of  (/aw.— Fifteen  20-foot  sluiceways  with  sills  at  elevation 
913  are  provided  for  the  control  of  the  river  in  conjunction  with  five  sluices 
adjacent  to  the  power-house.     The  bridge  deck  over  the  dam  (plate  70)  is  at 
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elevation  W8,  with  the  underside  at  elevation  936-5.  All  headworks  of  the  dam 
and  power-house  will  stand  the  atlditional  rise  in  headwaters.  KeKulation  is 
secured  by  means  of  stoplo^s,  double  Rains  being  provi(h-d  lo  simplify  mani- 
pulation. A  jjower-driven  winch  will  hanille  the  stojilogs.  As  the  disrhartiing 
length  of  the  dam  is  limited,  three  foot  i)iers  have  been  considered.  These  will 
refjuire  heavy  reinforcing. 

for  estimating  purpo.ses  the  fountiation  rock  for  this  section  has  been 
considered  at  elevation  905  for  a  distance  of  25!)  f«>t  from  th  ■  left  bank  droi)[)ing 
to  elevation  890  below  the  crest  of  the  falls. 

Spillway  section  of  the  </aw.-  The  sjiillway  section  has  U-en  designed  with 
crest  elevation  925,  with  nrovision  for  llashbo.irds  to  raise  the  water  to  elev.ition 
928  or  regulated  level.  The  crest  has  Wvn  place<l  at  elevation  925,  not  only 
to  provide  additional  discharging  capacity  during  times  of  |1(mmI,  but  al.so  ti> 
a.ssist  in  forcing  the  discharge  fn.m  the  dam  towards  the  left  bank,  and  away 
from  the  tail-race.  The  fact  that  the  main  stoplog  sluices  are  not  adj.icenl  to 
the  power  house,  as  well  as  the  rcfiuirements  of  flashboard  oiK-ration,  necessitates 
a  bridge  over  this  section.  A  10-foot  platform  is  provided,  supported  bv  three- 
foot  piers  spaced  23  feet  (cntre  to  centre. 

Ice  sluiceways  above  pnuer  station.— Two  20-foot  ice  sluices  with  sills  at 
elevation  913  are  provided  immediately  aliove  the  power  st.ilion.  Tlu-se  sluices 
serve  the  purpose  of  an  additioiwl  safeguard  against  floating  ice  and  drift,  and 
assist  in  forcing  the  current  away  frem  the  tail-race.  An  ice  fender  across  the 
head-race,  feeding  into  these  sluices,  can  be  installed  if  necessary. 

Power  station.— The  power  station  (plate  69)  has  Ix-ei  desig!i,d  for  single- 
runner  vertical  turbines  of  5,000  horse-power  capacity  at  'uil  g.iie.  The  section 
has  only  been  develojied  in  sufficient  detail  to  arrive  at  the  si?:e  f  f  i  lie  water  pass- 
ages to  carry  the  water  to  and  from  the  turbines  at  pe-.missible  velocities.  The 
electrical  and  regulating  equipment  have  lxK;n  assumed  for  estimating  purposes 
onl\-. 

The  racks  and  headworks  have  been  house<l  in  with  lloor  at  elevation  936. 
A  sloping  concrete  curtain  along  the  face  of  the  entrance  piers  |)ru\ides  a  pro- 
tection against  ice  and  drift.  The  floor  of  the  generator  room  is  at  elexation 
926-5,  and  is  amnected  with  the  right  bank  of  the  rive-  i.v  a  roadwav  over 
the  lower  ice  sluices.  The  water  seal  of  the  draught  tubes  is  at  elevation  898, 
the  discharge  taking  place  directly  across  the  ri%er.  The  draft  tubes  can  if 
necessary  be  protected  from  backwater  effects  of  the  discharge  over  the  dam  by 
a  rock-tilletl  crib  in  the  river  channel  running  from  the  north  end  of  and  |)arallel 
to  the  powerhouse. 

The  estimates  for  the  power  station  have  been  calculated  for  two  st.iges  of 
development. 

(Ij  Initial  rfCT'e/opw*-;!;.— This  consists  of  the  eight  units  adjacent  lothed.un. 
The  turbines  considered  have  each  a  capacit  y  of  5,000  horse-power  at  full  gate,  and 
the  electrical  installation  has  l)een  selected  with  the  normal  full  load  correspond- 
mg  to  eight-tenth  gate  opening  of  the  turbines.  This  will  provide  sufflcic  . 
elasticity  to  take  care  of  peak  loads  and  gives  suflicient  machine  capacitv  to 
utilize  12,000  second-feet  at  26-foot  head,  with  turbines  at  85  [kt  cent  efficiency 
and  eight-tenth  gate,  at  the  same  time  leaving  one  unit  as  a  spare. 
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The  output  available  on  the  low  tension  switchlx)ar(l  on  a  75  ix?r  cent  over- 
all efficiency  en  a  24-hour  basis  is  26,600  horse-power.  The  initial  development 
includes  the  construction  of  the  headworks  of  the  remaining  five  units  to  a 
sufficient  degree  to  support  the  stoplogs,  leaving  the  balance  of  the  ba\s  to  be 
added  when  required. 

(2)  Final  dnelopment.— This  will  consist  of  thirteen  5,000  horsc-ix>wer  units, 
five  additional  being  added  to  the  south  of  the  first  installation.  The  thirteen 
units  will  provide  for  the  utilization  of  20,000  second-feet  at  a  26-foot  head, 
with  turbines  at  eight-tenth  gate.  This  installation  will  under  ihcse  conditions 
provide  a  spare  unit  for  emergencies.  The  o'.iti)ut  at  the  switchboard  at  7.i 
per  cent  efficiency  on  a  24-hour  basis  is  41,400  horse-power. 

Ice  sluices  below  the  power  station.— Thrcv  ice  sluices  at  right  angles  to  the  head- 
race with  sills  at  elevation  91.?,  followwl  by  a  corewall  embankment  connect  the 
power  station  with  the  high  land  on  the  right  bank.  These  ice  sluices  are  |)lace<l 
in  such  a  way  as  to  produce  a  current  in  the  head-race  parallel  to  the  power- 
house, and  in  conjunction  with  the  sloping  concrete  curtain  in  front  of  the  racks, 
should  thoroughly  protect  the  machines  from  all  floating  ice  and  detritus.  A 
20-foot  roadway  is  carried  over  these  sluice.s  and  provides  access  to  the  HcM)rof 
the  generator  room. 

Head-race.— In  the  head-race  the  natural  contours  of  the  site  have  I)een 
utilized  to  the  fullest  extent,  and  the  forebay  is  in  a  large  measure  formed  by  a 
natural  rock  ridge  on  one  side,  and  the  dam  and  power  station  on  the  river  side. 
Opposite  the  power  station  this  ridge  turns  towards  the  river  and  narrows  the 
channel,  but  not  to  such  an  extent  as  to  augment  the  velocities.  At  the  entrance 
to  the  head-race,  a  rock  ridge  approaches  the  natural  river  bsnk  and  its  removal 
constitutes  the  major  portion  of  the  head-race  excavation.  Excavation  to 
elevation  913  throughout  the  head-race  will  provide  passageway  for  the  12,000 
second-feet  requiretl  for  the  initial  installation  at  a  maximum  velocity  of  2-8 
feet  per  second,  while  deepening  to  elevation  900  will  provide  for  20,000  second- 
feet  at  a  velocity  of  2-7  feet  per  second.  The  land  site  of  the  head-race  has, 
where  excavation  is  necessary,  l)een  laid  out  in  simple  curves  in  such  .  manner  as 
to  provide  for  a  smooth  running  and  undisturlxxi  flow. 


DISCH.VRGli   CAI'.VC  ITV. 

Owing  to  the  peculiar  conditions  which  must  Ik;  met  here  in  connection  with 
the  headwater  elevation  and  the  protection  of  the  interests  of  the  city  of  \Vinnii)eg 
in  the  i)lant  at  Point  du  Bois,  particular  care  has  been  given  to  the  discharging 
features  of  the  Slave  falls  plant. 

The  layout  consideretl  provides  fifteen  20-foot  sluices  with  sills  at  elevation 
913  adjacent  to  the  loft  bank.  These  are  followed  by  a  spillway  with  thirteen 
20-foot  sections  with  crest  at  elevation  925,  and  with  flashl)oard  provision  to 
elevation  928.  Adjacent  to  the  upper  en<l  of  the  power  station  are  two  20-f(K)t 
sluices  with  sills  at  913.  Three  similar  sluices  are  located  at  the  lower  end  of 
the  head-race.  In  all,  a  discharging  capacity  ot  82,000  second-feet  is  provided 
with  the  headwaters  at  elevation  928.  In  addition  to  this  the  power  station, 
when  working  to  its  full  capacity,  will  pass  20,000  second-feet.    While  this  has 


"®  mmm,wr.^       ^'P^''l»>e«t  of  the  Interior. 

not  been  consicleml  as  a  dependable  source  of  discharge,  it  may  be  considered  as 
forming  an  additional  factor  of  safety.  consiui  red  as 

will  J!Z  T"^^"^"^^  "f  '^f  26-foot  head  at  this  plant  in  times  of  high  water 
will  necessita  e  the  raising  of  the  headwaters  above  928.  This  will  automatrcX 
mcrease  the  discharging  capacity  at  the  only  time  when  such  increa^^anad  v 
wil  be  required.  Elevation  930  in  the  headwaters  will  ciischar.e  03^0 "Zd' 
feet  excluding  the  discharge  through  the  power-house.  The  umleshJe  o  the 
bridge  decks  over  the  sluices  l.-ing  at  elevation  936-5  will  provide  a  safety 
factor  sufficient  to  pass  such  floods  as  are  to  be  expected  on  the  river  "^ 

mits    ir  rT"      ."If  "^="".t!"'^^^  «'JJ^^"^t  to  the  left  bank  of  the  river  per- 

nms  the  discharge  of  the  unutilized  water  down  the  river,  seiuling  „o  more  down 

he  headrace  than  .s  rec,uired  for  the  operation  of  the  plant,  and  .herebv  keep^K 

ihe  velocities  therein  at  a  minimum.  •  ''^*^'""8 

L- uler  natural  conditions  the  main  set  of  the  current  below  the  falls  is 

away  from  the  right  bank  of  the  river,  leaving  an  eddy  where    the    power  houc' 

ch  r^"  T^h""         f "  "  of  particular  advantage  to  the  draught   tube  dis- 

h;t    n     ffi      K  -'T'  "^  ''"-'  ''-'^"^  ""'^  '''*-'  '"^«^'°"  "^  'he  sluices  is  such 

he  ci  rr    f''       "-"'Pulat.on  of  the  same  will  tend  to  force  the  main  body  ol 

L'NWATERING. 

Alternative  schemes  of  unwatering.  suitable  to  whatever  method  or    or.ler 
of  construction  may  be  adopted,  should  not  exceed  the  estimates  allowed  herein. 

NAVIGATION. 

Inrt-n"^'  ^^-^'^  ^"'"'u''?  f^'^'""  ^as  been  made  for  the  future  construction  of 
ockage  facilities  on  the  left  bank  should  the  same  ever  become  necessary  (plate 

68).  The  lock  depicted  is  300  feet  by  40  fe.t.  with  15  feet  of  water  on  the  sills. 
Ih.s  lock  with  approaches  can  be  constructed  at  any  time  in  the  future 

without  interfermg  with  the  operation  of  the  power  plant,  nor  will  the  provision 
or  It  incur  any  extra  expenditure  in  the  present  construction  of  the  plant     On 

the  other  hand,  the  present  construction  of  the  power  installation  will  not  place 

any  obstacles  in  the  way  of  the  future  construction  or  o,>eration  of  the  lock 

No  portion  of  the  cost  of  the  lock  or  approaches  is  included  in   the  estimates 

lor  the  power  development. 


ESTIMATES   OF   COST. 

The  t^timates  of  the  cost  of  the  initial  and  final  installations  place  the 
power  on  the  low  tension  switchboard  in  the  power  station.  It  is  considered  that 
the  estimates  are  amply  conservative  and  that  the  assumptions  which  have  been 
made  are  fully  warranted.  Seven  miles  of  railroad  have  been  allowed  to 
connect  with  the  city  of  Winnipeg  tramway  line. 

Ten  per  cent  has  l>een  allowed  on  the  estimates  for  mntingencies  S  per 
cent  on  this  total  lor  engineering  and  insi^jction,  and  5^  per  cent  on  the  whole 
lor  one  year  for  interest  during  construction. 
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The  annual  o,KTatio„  costs  include  capital  charges,  an<l  represent  the 
cost  of  o,K.rat.„n  „t  the  p„wer  station.  They  ,!..  n„t  indu.le  lransf'.r„,i„K  an,! 
transmission.  ^        ' 


(l.)— Initial  Development.     {VAy,\n  5,000  horse- 


power units.) 


I>ani  ami  riiuijitmnt • -••■'H'liion. 

Ice  sliiircs  ainj  roadway ,  .    , 

llead-ratf 

Power  station  anil  <-(|uipnifnt      

Ilyilraulic  installatiim. .        

Ehitrkal  installation. . .  

Railroad 

IVrnianent  (luarters 

(^onlinKi-m  ic.s.  10  imt  .  imu.  .    

hnxinn-rinK  ami  in-i"'  lion.  S  tx-r  lont 

Interest  dunnK  ion-'rii<  tion.  f'j  [)er  cent 


Total  initial  c(  n. 


jrri.lKKl 
.l.i.lHK) 

«7.(XK) 
.?.)(.  (KM) 
.<6(>,INI0 

;i(i.(i(in 
m .  (KK) 

1 5 . (KK) 
I'll  .IK«I 
lO.S.INMt 
lil.tXKI 


J2.  1J7.00(( 


cncy.  J6,ft,)0  horsc-iKjwer. 


Twenly-four  hour  power  ava  lal.lc  at  7.5  ,„.r  cent  ov,r-ail  effu 

Capit.il  cost  per  24.|inur  liorse-imwer 
Capital  cost  iK-r  installed  lioise-jKjwiT, 

...  '^)     ■inniidl  l„si„K>i,„ai,o>i. 

Interest,  sinkini!  fimd.  ami  (le,.r«iation  cliarses  — 
Interest.  .S',  per  cenl  on  J.'„fi7.(l<X) 

^inliifiKlun.l.  4  per, cut  (40-year  birndsl     *     U8.000 

Depreciation-  .'4.000 

1  iier  cent  on  iMrmanenl  works  , 

4  i>er  cent  on  machinery  etc  •         / .  (MH) 

4O.00O 

Operation  charsea —  

.'^taH 

Supplies *        19.000 


H7  .SO 
.58.20 


47.000 


10.000 


Total  annual  charge. 


2<),000 


Annual  cost  fn-r  horse-power  year.  24-hoiir  [mwer  . . 

Annual  cost  in-r  horsi--i«wer  year,  machinery  installi^d.'  ..■...;::;::::::; 

Annual  cost  ix-r  kilowatt  hour 

Annual  cost  per  kilowatt  hour  on  basis  of  .SO  percent'  load  factor. , .'..'.  :.'.. 

{2.)~Final  Development.    iThlnvvn  5.000  horse-power  units.) 

nam  and  equipment  " '     '  '""""  '""  "^  "''•"""<•■"'■ 

Ice  sluici-s  and  roadway '..'..'.'.    *     27ft. ofHi 


t     228.000 


»S   .58 
5.70 


0  1. II  cent 
0-262  cent 


Head-race 

Power  station  and  e<iuinnient 

Hydraulic  installation. . 

Elivtrical  installation 

Kailroad      

Permanent  quarters 

(ontinnencies.  lOiMTcent,. 
I'-nmneerinii  .uid  in<pi-,  tion.  5  \h't  cent 
Interest  duriui;  con.<truction.  .S^  p,.r  , 


Total  hnal  cost . 


.1,5.  (KK) 
2(H.00() 
771. (KK) 
5«.S.(K)0 
845. (KK) 
84.  (KM 
20.(K)0 
282. 0(W 
I.SS.OOO 

ui.naa 


TwentN-four  hour  iwwer  available  at  7.5  ,,er  .ent  OM-r-al 
I  .il.ital  cost  iier  .>4-hour  lior~ 
(  apital  cost  per  installed  liir 


,  $.t .  4,16 .  n(K) 


cy.  44.400  liorse-fKjwer. 


vver 
'Wer. 


'21      .1  nnuat  i.  II 
lnur,-«t.  sinkins  fund,  ami  .1  .       i.uion  .harness 
1  merest .  S',  iwr  cent  on  »  . .  4  «'■  IMK) 
'"inkini!  lund.  4  IK-r  cent  (40-\.  ,1  Ixinds) 
ne[>reci,uion    - 

1  iKT  cent  on  ()ermani-nt  works 

4  i..r  .,.„[  on  m.ichincrj  ,  etc !.'.!!! 

<Jper.it ;.,n  iharKes— 

St.ilf         

Supiilies        .  .  


/  nf  ^  iperatwn. 


0 .  (MK) 
61. (KK) 


26.0(KI 
17.00(1 


-Annua!  , 
-Annua!  , 


'St  i»r  horse-|«)ww  year,   >4  hour  i»wer 

'St  per  horse-iiower  ye.ir   mai  hinery  insl.iii,-! 


.Wtnual  cost  iM-r  kilowatt  hour 

Annual  .ost  per  cilowatt  hour  on  hxsis  of  50  percent  load  (actor 

S&J76— 17 


S7  7.,(0 
52    86 


I8<),00() 
J6.000 


4.1.000 
,(.!8 ,  (»0 


$7  62 

5.21 


(1117  .ent 
0  2.14  cent 


II 
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Department  of  the  Interior. 
Summary  of  Dependable  Power. 


A  summary  of  the  muk-veloix-d  power  as  outlined  in  the  above  jKJwer 
studies,  togetluT  with  the  total  dei)en(lal)le  power  on  the  river  in  Manitoba. 
indudinK  tliat  develoiu-d  to  date,  is  appended  in  tables  35  and  36. 

Table  35. --Undeveloped  Poucr  Sites  on  the  Winnipeg,  River  in  Manitoba. 


Di,t. 
anee 
frtini 
Winni- 
peg 
in 
.Miles 

i. 

Ileail 

in 
feet. 

24  ilou 
at  75' ;   1 

P()\VKK 

,'\VAItAIII-E, 

Sllr. 

r  I'ower 

^rtiiien<  y. 

Turbine  Installation 
(I'nits  ionsidere*.].) 

l2.(Nin 

S«-.-ft. 
4. 

20,000 
S«-.-fl. 

12,000 
.Sfc-ft. 

20,000 
Sec,-ft. 

1. 

5. 

5. 

7. 

Pine  Falls 

ft4 

64 
62 
Si 
SS 
58 
74 

J7 
56 
1« 
.17 
29 
18 
26 

.17.900 
'57,.«M) 
I8.4(KI 
I2.6(X) 
9 .  900 
12,. 100 
26.6.H) 

6.1.100 
95,5(10 
■W,  700 
.17,900 
29,600 
I2.J00 
44,400 

6    -lO.ntKl 
'9 — 10,000 
11—   2, .500 

Du  Ponnet  Falls 

10—10,000 

McArthur  Falls 

'Lower  Seven  Sisters 

17—  2,500 
6—10.000 
8—  6  (N)0 

'l-'PIier  Seven  Sisters 

Slave  Fulls '.'.'.'.'.'.'.'.'.'.'.'."."/ 

4—  4,500 
8—  5,000 

4—  4. ,500 
\^—  5  000 

Total 

175,000 

Ji:;,5oo 

235,500 

. 

47.1.500 

head'^'"'  '"'"'''"'''"  '>»»"""■»  a"  '""'al  development  of  the  Du  Bonnet  site  utilizintj  12,000  setond-feet  at  56-toot 

'The  fpi^-r  and  1  ower  S..ven  Sisters  sites  are  loeate<l  in  the  main  i  hannel  of  the  Winnipeg  river  parallelinB  the 
Pmawa  throujih  whah  8,(X)0  ..e<ond-.e.t  ,s  a,«ume,l  to  be  diverted  for  the  o,«-ralion  of  the  Winnipeg  El^tricRSflway 

'The  lp[M-r  I'inawa  .^ite  is  ItKatwl  on  the  I'inawa  ihannel. 


Table  36. -Total  Power  Developed  and  Undeveloped  on  the  Winnipeg  River  in 

Manitoba. 


Undeveloped  at  proposwl  sites.  , 
Undeveloped  at  Point  Du  Bois, 
Developed  on  River  to  date.    . . 


Tol.-.l. 


Unregu- 
lated 
Flow 
12.000 

Sct,-ft. 


175,000 
21,10(1 
5.1,200 


Regu- 
lated 
Flow 
20,000 
-See.-ft. 


31.1, .S(HI 
5 1  .  WH) 
53.2IK) 


249,300 


NoiE. — Power  in  terms  of  24-hour  horse-rower  at  75  p<'r  tent  efiieiency. 

Tlie  above  tables  indicate  that  there  is  53,200  horse-power  developed  to 
date,  196,100  horse-iwwer  undeveloped  and  available  in  times  of  present  l(w 
water  on  the  river,  and  36.S,3()0  horse-power  undevelojied  and  available  when 
the  river  is  regulated  to  a  mininnim  flow  of  20,000  second-fcrt.  It  must  be  bnnie 
in  mind  that  these  totals  are  given  in  terms  of  24-hour  power,  and  hence  give 
a  rather  limited  estimate  of  the  river's  resources.  A  translation  of  these  totals 
.iito  shorter  range-power  will  therefore  prove  of  interest. 
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Twenty-fciur  lioiir  power. 

Twenty-hour  power 

Suteen-hour  iKjwer. . .  . 
Twelve-hour  power 


l.iliil 
Kitiw 
li,(MK) 

S<->.  fi. 

Ml-KU- 

l.ltf.1 

Kl.iw 
20.IXIU 

s«-.-/t. 



— . 

24Q,nno 

2  W ,  OIK) 

w.t.ooo 

4>>8.0(H) 

418, (NX) 
502 .  (KM) 
62  7.IXX) 
8)6.000 

The  above  tabulat.on  shows  the  Rreater  scope  of  the  power  resources  to 
m^tvarj.ng  demand    but  must  only  be  applied  with  discrin.ination.     Whi 
ni.ght  be  caHed   .he  dependable  commercial  power  available  can  be  placed  a 
well  above  the  half-million  mark.  ^ 

Plates  71  and  72  graphically  indicate  the  relative  power  capacities  of  the 
d  fleren  s.  es  and  p  ants  under  present  run-off  conditions  and  under  sysTemati^ 
any  controlled  regulation.  The  total  power  output  of  the  entire  reach  in  Mai 
Tht  ':/';'*'^.'''7">;'*-'P'«5dJn  the  power  percentage  of  time  diagram,  plaU  7" 
Th.s  curve  ,s  based  on  e.ght  years'  records  of  run-off.  and  gives  th^  power  in 
terms  of  contmuous  24-hour  power.  ^ 


Summary  of  Capit.\l  and  Operating  Costs. 
The  data  respecting  the  estimates  of  the  various  schemes  hiv,.  bnn„ 

Tm,3S.~-.Es,i^M  apiM  Cc„  o/da-elopini  Ihe  p,opo,.d  po:„r  „7„  „„  ,,„ 


Cap.i^l  Cost  o.n  Low  Tension  Switchboard  in 
fowER  Station. 


Pine  Falls 

Du  li.inm-t  K:ills 
McArtPiur  FaIN 
|Lowt*r  St'vfn  .Sistcis 
'(  l>p<t  Siven  SistC'p 
L'pper  I'mawu. 
Slave  Falls 


Tula! 

Mean  (based  on  power  output) 


''«'"^'-^-  ""  ""'  '"""''^  °'  development  until  the  river  flow  ..  more  systematica  lly 

86376 — n\ 


PLATE  N«.  T 


DOMINION   WATCH   POWER   aPANCH 

J.   •.   CHALLIES.   S.,«.,.,.„«.„, 


LcatNO:    o.v.iop.d  Po...,.        [~n 

Und>v*lop<d    Pov»«r      I  I 

To,.,    Pow.,   C.p.c„y    of    W,„„,p„    p,..,    ^,„    „„„,.,.^    ^,^^ 
Amount   uovploppd  to   Data 


24*. SCO  H.P. 
53.200   MP. 


DIAGRAM 

SHOWING  THE  DEVELOPED  AND  UNDEVELOPED  POWERS 

AT  THE  VARIOUS  SITES  ON  THE 

WINNIPEG  RIVER  IN  MANITOBA. 


To    occompar. . 


March.  1916. 


raport     on     liOWCR     AND    •TOnAQE    INVI«TI6aTK>«S 
by    J.   T.  JOHNSTON,  •A.Bc. 

Hydraulic  Englnaor. 

Dominion  Watar  Powar  Branch. 


DOMINION  WATER  l^>WCR   BRANCH 


1 


llaCND.'     D.v.lop.a    Power  I  I 

UnosvaloDad    Pow.r      I  I 

i::::°z.:::: :  t:— " -  -—  -~    -....oo «... 

S3. 200   H.P. 

""^  ■    fnV"  ,""    ■   "'""'■•TtO  MINIMUM   flo«,   of   20  000   <; 

uno.v.loo.d    ..I..    con..d.r,<i    ,,    7B?.  .«       ^°-°°°    S.cond    F,,t    with 
«  .d    at    75'4.«,c„r,cy   with    24    hour    pow.r. 

DIAGRAM 

SHOWING  THE  DEVELOPED  AND  UNDEVELOPED  POWERS 

AT  THE  VARIOUS  SITES  ON  THE 

WINNIPEG  RIVER  IN  MANITOBA. 


accompfiny     a 


^mrch,    t915. 


•port     on     POWCR     .ND    .TOR.GC    INVE.TIO.TION. 
by    J.    T.    JOHNSTOK.   m  »  S- 

Hy<|r»ul,e    Eng  „„r. 

Dom.n.on    Wot.r   Pow.r   Br.nch 


•~W3Tr  Wo  TT 


'  "  ¥  8  ° 
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Th.'  I)u  H(.niu-t  pl.mt.  in  view  of  ii^  In'Kh  ht-ad,  will  ,.r.,Vf  tin-  in..M  ,■,  „i,nm- 
K.illy  .•fti.icnt  of  th..  >^-rws.  iht-  capilal  .ust  (mt  liorM-.|H,w,T  iK-ing  $i.S  6(»  .,n.l 
ilu-  M.Arthur  pla„t.  in  vi.-w  of  its  low  h.a.l  an.l  tlu'  Iomk  .lani  an.l  ln-adworks 
rr,,uind.  IS  actually  tl..^  n.ost  n„,ly  a^  inia>ur.-.l  l.v  ,i.  oulpnt.  th.-  .„st  U-inK 
S8y  2.S  ,H-r  hor^o-iKmiT.  Th.-  two  Sfv«.  Sisters  an-I  iu  I  p|K-,  I'iiiawa  sit.-s 
rantiot  lH..iir..<-tly  ..,.npar.-,l  with  th,-  othir  four  as  ,a.  h  r.r.iv.-s  only  a  portion 
of  the  rivi-r  llnu  ,  with  a  .  unM-.|n.ut  •■omparaiiv.-  ,l.-,rtasi-  in  th.-  ,H.w.'r  phmIu,,,! 
How.v.r,  un.i.r  a  renulat.-.l  iL.w  of  JIMMM)  s.-.-on.l-ft-t't  in  th.«  nv.r  thtir  unit 
•  apital  ,osts  .,f  SS9  05,  S')2  'U,  an.l  St04()7  r.s,H-.  tiv.-ly,  will  prov.-  v.-ry 
aitractivt-  from  a  cotnnu-rcial  vi.w  j)oint, 

In  vi.-w  of  tlu-  uniform  an.l  .-onsfrvativi- .  har.(  t.-r  .,f  the  ov.r-.U-vi-lopm.-nt 
■  it  .•a.hsit.-,  uiiit.ostshav.-  In-.-n  list.-d  in  t.-rms  of  th.-  liors.-,H>w.T  iiiviall.-.l 
a~  Will  as  m  terms  of  24-hour  i)ower,  an.l  as  ,u.h  <an  1..-  prolital.ly  studi,.!. 

A  roiHJderati.m  of  the  alKne  total  ...sis  shows  the  following:  llu-  t.,tal 
(inal  output  of  the  s.ven  propos.,!  .Itvelopmi-nts  is  ,<1,?.5<t()  liors.--|«,wir  at  a 
tota!  .ap.tal  ...st  of  S24.547.(KI(».  i.e  .  an  av.rage  .-ost  of  SlH.Mi  i,er  horM-.|H.wer, 
or  842.80  inr  horsi-|K.wer  hased  .m  inachinerv  instalhd. 

Th.-  annual  o,H.-rating  costs  are  prul.al.ly  ..f  greater  inter.st  than  the  above 
tapit  il  .osts.  and  are  sununaris.-d  in  talile  M). 

The  r.-sults  tal.ulate.l  herein  hear  out  th.-  general  eon.lusions  as  to  cm- 
l.arat.ve  .-.■on..mir  efli.i. ,,.  y  that  have  lu-en  noted  from  a  dis.ussion  of  ,he 
capital  costs.  They  are  listt-.|  in  t.-rnis  ..f  initial  and  final  .l.veh.pment  corre- 
>-pon.hng  to  pr.sent  reKulate.l  run-off,  res,K-<lively.  The  ...sts  jK-r  kih.watt 
hour,  consid.-nng  a  50  ,xr  lent  loa.l  faci.,r.  as  slmwn  in  colu.nn  11,  in.li.ate  in 
all  cases  highly  desirable  commercial  undertakings. 

(are  has  l.een  taken  t.^  sui.ply  suflicient  physical  data  in  this  reiM.rt  f. 
.nal.le  mdeix-iulent  cstimatis  iK-ing  made  of  the  construction  cost  of  any  of 
the  projects,  by  parties  inter.-sti-.l  in  their  development. 

While  the  annual  operation  costs  .juoted  may  apfu-ar  low.  a  re\iew  ..f  the 
estimates  and  of  the  gt-neral  un.l.-rK  ing  prin.ipl..s  uiK.n  whi.  h  they  are  based 
will  istablish  the  ..mserA-ativi-ness  of  the  ...nclusi.ms.  The  figures  repres.-nt 
operating  conditi.nis  which  possibly  would  not  be  met  uixm  the  imm.-.liate 
completi.m  <,f  the  uii.lertakings,  that  is  to  say.  the  initial  market  woul.l  possiblv 
not  warrant  the  initial  installation  proiK,s.-d.  This  woul.l  result  in  high.r  initial 
capital  and  operating  ...sts  than  are  submitted  ab.ne.  At  the  same  lime,  it 
woul.l  be  a  simple  matter  to  present  the  unit  costs  publishe,!  herein  in  a  mu.h 
n,..re  favourable  light  than  has  been  .l.,ne.  Consi.lering  the  ample  poiulag.- 
lacilities  which  exist,  the  gi-neral  run-off  con.litions  of  tlu-  river,  an.l  the  g.-n.-ral 
opiM.rtumtiesofan  industrial  market,  24-h..ur  iK.wer  is  a  m.,st  cmset  vat ive  basis 
on  which  to  establish  final  figures. 

As  illustrative  of  this,  the  Pine  Falls  site  may  be  brielly  .-onsi.ler.-.l.  Ihe 
c.mtinuous  24-hour  p.,wer  available  here  is  0-?,l()(),  and  the  annual  ...st  p.r 
horse-ptuver  n  this  basis  is  S7.()8,  or  0-216  cent  per  kilowatt  hour  .>..  a  50  per 
cent  loac  factor.  The  average  load  carried  by  the  Fine  Falls  plant  c.mld.  un.ler  a 
regulated  river  How.  be  maintained  at  63.000  horse-ix.wer  an.I  rea.lilv  .arry  a 
IK-ak  load  of  126,000  h..rse-power.  The  actual  cost  per  kilowatt  hour  is  there- 
fore probably  mor.-  tniK  rei>resented  by  the  figure  0- 108  cent  than  b\  0  210  cent. 
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Th»-?»f  mnark^  .ipply  villi  equal  fora-  to  ilu-  i>.tiniaii's  of  tlu  ..id.r  pn.jn  t« 
ali)ii>{  ihf  rivvr. 

Whili  ii  \h  imixiv-ililr  in  a  work  of  this  naiiirf  to  j-o  fully  into  the  varion-, 
loiitliiioii!*  ol  load  aiwl  niarkci  whiili  iii.i\  \,v  i-x|Mriiiii  i-d  in  tin-  diviloi. 
incul-i  of  thi'  propoM.I  oimnii ration-',  an  iMJiavour  has  luin  niadr  to  ,(ip|)K 
surtitient  <lata  to  pfrniit  an  adjustment  of  tlu-  fiKures  to  tneel  individual  refpiin - 
riients,  aiwI  to  cnahle  the  inforniaiion  ami  estimates  herein  lieinn  applied  or 
<)ni|K»red.  as  nia>  In-  desired. 


(dm  (»i.   1)1,1, ivihv  ok  I'owik  to  Winmi  i;(i. 

No  consicU'ration  ha-  l>een  n'Vfii  to  the  cost  of  transutittiuK  the  developed 
|X)wi'r  to  ihi'  presi-nt  industrial  market,  the  reason  In'inK  the  uiirirl.iinty  as  to 
the  use  to  wlir(  h  the  jwrner  developed  at  the  variinis  sites  will  l>e  aiiplied. 
I  ndoubteifiy  in  some  insl.fiKes  the  (nmer  will  !..•  used  imiustri.dly  jireitiy  at 
the  site,  either  for  pulp  grinding  or  in  ((miieciioa  wi'.li  one  or  more  of  the  \  irious 
electro-ehcmiral  processes  whiih  are  now  lomiuK  to  the  frcmt.  The  fi>r(  .;(t;n); 
estimates  serve  their  ({ener.il  piirixiM',  w  hieh  is  to  indicate  I  he  relative  comniert  i.d 
value  of  the  sites  as  units. 

An  analysis  of  the  ix)wer  situation  would,  however  l.e  incomplete  un!  ^s 
M)me  idea  were  given  as  to  the  cost  of  transmitting  the  ,)owcr  to  the  near.-t 
iulustrial  market,  i  e,,  the  city  of  Winnipeg.  To  this  end,  the  following  estimate 
of  <<)si  of  transmission  from  the  fine  falls  site  to  the  low-tension  switchhoard 
in  the  transformer  house  in  Winnipeg  is  apix-nded. 

The  estimates  herewith  are  based  on  an  initial  and  final  development;  the 
cipital  cost  to  the  low-tension  switchboard  in  the  power  station  has  been  brought 
forward  from  the  detailed  estimates  of  the  Pine  f.ills  development.  The 
transmission  distance  is  60  niMes, 

The  |K)wer  stati(m  as  '^sigir.-d  does  not  include  provisicm  for  step-uj)  trans- 
formers, and  hence  ..  .ep,'rari  •  ••  J!  ig  has  l)een  provide*!  at  the  site,  together 
with  a  st«-|>-('own  si;ition  ,■  V.  .:  :'•  eg.  At  the  river  station  si.x  6,()(K)  k.w., 
6,WH)  66,0()0-volt  trai  :  ,.••  .^  ,  ■  ..  ;,een  provided  for  the  initial  inM.ill.iticm. 
ami  ten  for  the  fin;'  ii  t'.  \'  »;;  ii  .>,  station  corresiKnuling  iirovision  has  been 
made  after  allowing  •  '■  -.  c)  „  .  . ,  ..i  .nv  drop.  The  resulting  costs  pl.ue  the 
ixiwer  ready  for  disri'  ..■.•'■  i      .'      n'peg. 
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(1)  Initial  dei'ehpment.-iSix  10,000  horse-ix)wer  units.) 

( I )     Capital  Cost  n/  ImlaUatiim 

tS' r^ ;'I,!r;'!!?'/X"  '"*""»'""  'witchboari  at  f,.IN.  brouKh,  forw..r,l    .    . 

TransformiTs,  »»it<hrs.  wiriiic,  etc * 

rransniHsion  line  

,rran»formpr  hc.uw  in  Winnii»K 

I  Mnafurnien,  switi  hea.  etc 


11.057.(100 

SO.(KH) 

.«>().  000 
45 .  (KIO 
■  ■'-(.OOO 

T.„.    ,  .      .  ,  K65.O0O 

Total  itutl.il  roHt -    

■  H.W2.000 

■power""";: ""■«•  '■""■"'"•'■"«  >"  l-er  cent  lo,«,  .14,110  hon<e-:.ower 

1114  <iX 


'^:s-'::^^i^r^:i^^'^ "-  «'"-■-«•  -■"'-"-...« .« . 


(i)     4  HHKd/  C,it(  nf  Oprralion. 
Inf,.r.-st   .inkinj,  f„„,|.  and  deprr,  i.,.i.,n  char«o,- 
ini   I.  -t.  5',  iH-r  cent  on  t.i.'>22M<U 

i>..S;;m'-"''' * "" '•'■"' *-'"-^'--  '-"■I''- • : ■::■::::::::::::::::;::::::::::::» 

I  l«T  lent  on  [H'tiiianent  works 

4  l«-r  cent  on  nia.  Iijiury.  ete           *  1 1 .000 

„                                                                    N7.000 

utw-ratum  charops — 

.St.ilf .  . 

Supplier $  J6,0in 

20.000 


Jlft.OOO 
4 1  .  (»K) 


Total  aniiu.it  clurne 

Annual  cost  iK.-r  hurs,-,«»er  jear  24  hour  ,«wer 

.Jnniial  ,o»l  por  kilowatt  lioiir 

Annual  ,ost  ,K-r  kilowatt  hour  on  l,.,,,i.s  of 


'18.000 

.56.000 

411.000 

U  OS 


50  1»T  lent  lo.ul  la,  tor! 


0   1X4  cent 
0-.16Sccnt 


(2)  Final  development.     (Tvn  10.000  horse-pouvr  units.) 

(1)     (  apilal  (ml ,./  Imullalton. 

riSrr  ."{.rl^llf  ;:;[;r  '"*•"•■'-•"•  -itchb„ard  at  fall,,  hrou«h.  forwanl  ,.,  407  «», 

Transformers,  s«i(,  I,,.,,  «i,i„|,,.,: S       

Trananii.ssion  line  ,  

Iransfornier  liou.se  in  WinniiKu 
i  ranstorniers   swii(  h  '  " 


hi-s,  wiriiiu.  etc 


Total  Inial  , 


Ss";r™::;',iy'iLfn:;:-r'^""<-  "•  ^^ ■""''"■«■  -"-'-".« ...  p..  .en,  ,oss.  5..7«,  norse 


«0.(XH) 
<M>,<l<IO 
4.'I).(IOO 

ro,ooo 

<24.0flO 

1,254.000 

15,661.000 


(2»     Annual  CukI  ,./ O/imjIioit. 
Inteiest.  sinkinji  fun,!,  an,l  ilepre.  iation  char«es 
"'     -'  ,l'<'rcenlon$5,66I.(K)0 


Int.. 


i  per  lent  on  iiernianent  works 
4  inr  cent  on  machinery,  etc 

Operitiiin  i  liaise-- 

.Stall 

.Supplies  


14,000 
I.14.0<HI 


4S.000 
25 ,  000 


Total  ,uiini,il  ili,iiy 


Annii.il  cosi  |K-r  lior; 

•Annii.,!  ,,,si  |„.r  kilo , 

Annu.il  ,„«,  ,„.r  kilowatt  hour  on  hasis  ol  SO 


IKiwer. 
tW.«8 


.111,000 
60,0(Xt 


70,  (KM) 
SUV, 00(1 


IKjwer  year  24  hour  i«i»ir. 
t  iH-r  kilowatt  lioiii 


tlO  .17 
<l  15')  cent 
llllXcint 

24  l,."!,.!- "'"?•'    '"    '■""""'":'"    """    ""'   "F'^'ratiriK    costs   al    the    ,Kmi-r  sites 
24-h„ur  .(.lUMUK.us  power  is  a  most  conservative  basis 
I  lit 


cut  loail  1,1,  lor 

connection    with    the    oix'ratin^ 

<•,...«     -II,  ,•  •'  '""'''"  "  "  """'^  conservative  basis  on  wiiich  to  base  annual 

.      .        he  coiuh.ions  under  which  the  Pine  Falls  plant  will  o.K-rate  are  such  tha 
the  above  ,wo   inures.  0-  1.S9  cent  ,K-r  kilowatt  hour  the  more  nearlv  r...>r.i?:^! 
llic  tost  of  power  l.iid  down  in  Winnif)eg. 


'  more  nearly  represents 
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POWER    FROM   COAL,  GAS,   AND   OIL. 
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CHAITKR  VJI. 
POWER  FROM  COAL.   GAS  .\ND  OIL. 

Ill  (inltr  to  complfnuiii  tlic  msl  <l.ita  ri'Iati\f  to  liwiro-ilt-ctric  [juwit  in 
Winnipcjj,  it  is  r()iisi<J«rf<l  <k'siral)le  to  inrlmlc  in  this  nport  a  ilisciission  on  \\h- 
conijiarativo  <(ist  oi  |)<)\vt'r  froii;  oiht-r  ffasilili-  sources.  Cost  data  relative  to 
auxiliary  or  ri-st-rve  fufl  plants  ar<>  also  as  a  ruk-  a  matter  of  iiniK)rt  in  comn  «  tiou 
with  hydro-i'k'f  trio  iiistallaiioii. 

The  foilimiuK  <lisiussion  has  thtrvtore  Ijei-ii  prepared  l/\  Mr.  ^j.  I'..  M. 
Kensit,  an  eiiniuetr  of  tin^  notiiinioii  Water  I'o\v«t  Braneli 


.\t  xii.i.xKv  OK   ki.si.Rvi';  Fti;i.  I'i.am. 

In  the  foregoing  estimates  of  the  cost  of  deveiopinen!  and  o|H'ration  of  un- 
developed iK)wers  on  the  WinniiK-g  river  the  cost  of  a  stand-by  fuel  plant  has  not 
Ihm'u  ii;(liKle<i  for  the  reasons  tli.it  the  rerpiirements  in  this  direction,  if  any, 
will  depend  entirely  upon  the  conditions  under  which  th  ■  w.iter-povvers  .ire 
<fevel()i)e<i  and  the  usi'  t(j  which  the  power  is  to  l«-  put. 

In  the  first  place.  .1  distinction  should  he  m.ide  U'twi  in  tlie  terms  •'auxili.irv 
plant"  and  "reserve  pl.mt." 

"Auxiliary  plant"  is  considered  t(,  mean  the  provision  of  such  .iddition.il 
indei)endent  plant,  o|)erati-d  by  fuel,  as  wou!d  Im-  iieccss.ir\  to  provide  .igainst 
diminished  output  during  jieriods  of  low  water. 

The  result  of  the  e.xhanstive  investigations  and  surveys  made  bv  the 
Dominion  W.iter  I'nwer  Branch  over  a  series  of  years  has  shown  that  ample 
storage  of  w.iler  is  available  lo  give  the  regulated  flow  <m  which  all  the  fore- 
going estimates  ha\e  Ihhmi  b.,>e<l. 

It  is  therefore  not  consi<lered  necessar\  to  .illow  tor  the  provision  of  an\ 
.tuxili.iry  plant  for  the  purixise  of  precaution  against  low   water. 

" Reserce  plant"  is  considered  to  me.in  additional  indeiM-ndent  plant,  o|KTa ted 
by  tuel,  that  might  be  (  onsidertd  necessary  to  pro\  ide  for  sue  li  lontingencles  .is: 

(1)  FIo<mIs  or  troubles  from  ice 

(2)  Damage    to   the   transmission    line   from    wind,    slti-t,    lightning, 
elect ri<  surges  or  other  cause. 

(.<)  Accident  to  the  geiier.iting  pl.mt. 
In  regard  to  these  <  oiitingencies  it  ni.iy  be  pointed  oul  lii.it: 
1I)  In  res|XHt  to  I1o<mI-.  it  is  recognizwl  ih.ii  the  n.itiir.il  regul.i  inn  pio\ide<| 
in  tile  innumerable  lakes,  as  above  descrilK-<l,  is  .in  eltirieni  s.ifemiard  .ig.iiiist 
any  such  probability.  In  resiH'i  t  to  troubles  from  ice  it  is  Uliewd  th.it  the 
natural  and  local  conditions  are  such  that  with  [>ro(M-r  design  .iiid  prei.iinion-^ 
the  risk  from  this  caus*.-  may  Ik'  considered  btit  slight. 

(2)  In  rei^f^tect  to  interruptions  that  may  Ik>  caused  by  .k  ci.leiits  to  the  ir.in-- 
mission  line,  it  is  undoubte<lly  the  fact  that  in  the  case  of  .my  transmission  line 
such  accidents  .ire  hound  to  occur  sooner  or  l.itcr.     If,  however,  cither  a  double 
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-use  .,ut  „.on,„„,,,  interruptlln^'w  Hetl^  tr;^'''^''''^^ 
damagt-d  circuit  to  the  spare  circuit.  "  ''*'"^'  ^^"^'•"l  fr....,  il.e 

(•?)  In  resfx'ct  to  accidents  tf>  fK„ 

^««w,«g  up  the  joreeoini'-    Tho.-,  f  . ''•."^*  '•><l'<Mlectnc  u„i,s. 

opc-ratod  plant  will  not  £  nJees^^rvf  n  "  "  "'""''^'"•^  ^''^^  -P-."e  f..el 
water,  but  that  it  n,ay  poUw)::^^::^^'"  "  '•^"^"""^  '^-■-  '- 
against  accidents  *        advisable  un<ler  some  <„nditions  as  a  reserve 

Desirahilitv  of  reserve  4^ln«i-    i.  ■ 
hydro  elecric  p.a^t  :Z^::nJ^:^Z^  '-"'«'  -  in  the  case  of  a 
;'"  ..nde,K.ndentIy  operat.^  n-sefve  pb„rshlM7'"'"' '^ 
'or  imnu.hate  us<-  at  any  time      Tl.'  '  ''''  '"'"^•"'^l  and  kept  re  .dv 

transmitted  a.u-  distance/The  r  t:^irrt"/'  ^"-  *"^^  '^  '"^  f''--  "^  ^^^ 
the  hydro-electric  undertaking  for  n^^ ^  ,    ^    '^  ^  -/>'  ^  -tirely  derK.n.lent  o^ 

;Snr;:;rtk-  ^--  -  --- .-  '^:^Xx:zz 

hmitc.!  nun,U.r  of  individual  factor,"!.  """  ''''""'■'   ^  ^^  -PPl>i.ig  a 

p;^-:f :Cr:^;^zs::r:fti;r^  "v^  ••■'-  --  "'-.s^-  in 

powers  for  purposes  other  than  genen     "Zlv  .'^'""'""'"^  ""'^  "^  "'"re  of  thes.. 

reserve  ncessary.  and  especiallt  ^    M^h^b^l^h"'-'  """'"  -"-'- ^tean. 

,^-"  ""*'-ak..n  for  the  purpose  „f  su  ,  K '    " ,       *''"  ^"^  '^  "'^-  ''-elopment 

•he  ,x,wer  plant  at  the  river   thus  .-lin  i'       il  f  ''  r'''.*'*  '"''"'^'--^  '"'-afng  near 

A.  further  ,H,ssibili,>-  would   Ih>     I         "f   ^  ''"  "^'^" 

•"■'|U'r.ng  two  or  more  of  the  un.leveloll  „;.  ""T'"''  ,"'  ""'''"''  "^  '"''^^■■ests 
:;';"  7^'"-  ^  ---"  reserve  plan,,  if    Z^^ ,      ";."  "'"'"'^'''  ""'•"'--     '" 

-<i-e,l  to  ac,  as  a  reserve  ,o  more  than  ne  '  h  rT'"'  f  ""'  '^'^'"  '^  ->"" 
,,  /'"  -•'■"""<  of  the  .uuvriaintv  c  u"  M  tt'  '?''"'"'""-''-  ''--'"Pn-nts. 
"^^:'  -'V  attemp,  ,o  i„,lu<le  ,he  c.t  o  "rl  '"'"  '""•''""-•  "  was  felt 

-'.mates  of  the  cos,  of  „„.  hv.lr,  -e      ^        J v" , '    '"'  "'""'  '^•'"'  »"  "'— e  the 
't  is  Ihoudit   how,.v..r   ,r  '''^"  ''*^^^»lopments. 

^' — ."'"-  oi^::;:^^;;  • ;;  ;:;t:;":;'^.--  r--  -'*--.  of «., 

'"ay  no,  have  cost  data  on  "hand.  '"'^  '"  *''"^^-  '"'ereste*!,  and  who 


au.vilia 
to  ,he 
proiHT 
eleclric 
not  for 
It 
l>lan,  w 


>^ST,MATKS    or   COST   OK    RKsKKVK    ITAVT. 


^;'r::i:!7,;: '-- :;r'r '-:'  ^'-^  --  ='^-  ---  -s  an 

'rans„,is.i„„  line  or  power  plani    '  In  ^^r  '''•'"•''  '"''"''''  •"'"'""'^ 
''-1KM  an.l  pr..cau,ion   in   rl.^J,   ,'    ,  "  '    '""•  '.'  '.^  "''^'""^  "-a,,  with 

,;''-'^  -he  reserve  f,,el-o,..ra,:d,,.::;,,"~;r''"   '"'■  ^"'   ''^•^^- 
a  year  or  m.m.  a,  a  lime.  ^       ^  '^■'•'"'"  requind,  ,^,.ssil,|v 

is  therefore  clear  thit   .1,  .  i       . 

•-"•--"«;;:..i;:":;:;:i;;:e;;;:;™^f '"«""■-•"' 
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The  type  of  fuel  plant  that  hol.ls  the  fiel.l  f„r  l.nv  .apital  n.st  in  lan,a-  miiis 
IS  un(l<)iil)te<lly  the  steam  turbine,  ami  will  therefore  U-  the  onlv  one  o,tisidere<l 

The  un(levelo[HxJ  powers  for  which  the  |K.ssil)ility  of  steam  r<-s«T\e  mi^ht 
arise  are  lisletl  in  lal)le  35. 

The  si/e  of  reserve  plant  rwiuirecl  would  Ik-  a  tiuestion  lor  the  individual 
judgment  of  the  parties  developing  one  or  more  of  these  iK)Wers.  hut  it  i>  ..l.viouH 
that  the  reserve  i)lant  would  need  to  1  .  large. 

Whether  re(|uircfl  for  use-  or  not,  it  would  Ik-  necessiirv  to  i)eri<Klitally  run 
the  engmes  tmder  steam,  and  the  generators  on  artihrial  load,  in  order  to' ki-ep 
the  plant  in  giKxl  condition  and  rea.ly  for  service,  and  for  this  purposi-  it  would 
be  necessary  to  kei-p  two  men  in  continuous  charge,  with  a<iditional  help  when  the 
plant  was  oin-rated  on  .irtilicial  load  to  kwp  it  in  gtxHl  condition. 

In  addition  to  ini.rest  an.l  depreciation,  repairs  an<l  n.amteriance  would 
also  be  incurred,  no  matter  how  little  the  plant  was  usikI, 

Thesi-  and  otiier  ch.irges  may  U'  (igured  as  follows: 

Capital  charges:  Interest,  6  per  cent ;  depreciation,  4  [x-r  cent ;  total,  !(»  ix-r 
cent. 

Repairs  and  maintenance:    1   5  (xt  cent. 

Inmranie:   1  [xr  cent ;  taxes,  1  [x-rcent;  total,  2  (x-r  cent 

Labour:  Two  men  in  constant  service  and  additional  help  lor  |..eri(Klic 
runs  to  kee|)  the  plant  in  pro[H'r  order. 

Coal:  A  suppK  must  Ix-  kept  in  reser\e  whether  the  pl.mt  is  ux,-d  or  not, 
and  the  cost  must  Ix-  added  to  capital  e.vixnditure,  since  it  is  capital  lying  idle 
-As  to  amount  of  fuel  in  re.serxe,  allow  sa>-  thrtv  .laxs'  suppK  at  T.s'ixr  cent 
load  factor  at  5  pounds  per  kilowatt  hour  atul  Sf).2,S  jht  ton. 

In  addition,  .it  least  twice  the  .ibove  amount  would  In-  rerjuired  for  |xri.Hlic 
runs  to  keep  the  |)lant  in  order,  and  this  would  Ik-  an  annual  (h.irge. 

(HI  and  stores:   The  same  remarks  apply  as  to  co.il. 

Ileatm^l  and  li'^htin^  are  not  allowe<l  for,  but  would  Ik-  but  a  small  iHrceiit.iKe 
addition  to  the  total. 

On  this  basis,  the  capital  and  annual  costs  ■i'lthntit  „peratwn  would  I,,- 
appro.\iniately  as  shown  in  t.ible  -Hi. 

No  estimate  of  any  service  can  U-  made  of  o|Krating  cost-  where  the  oiht.i- 
tion  depends  on  accidents  onlv. 

It  is  assumwl  that  the  plant  will  not  In-  ke|)t  under  steam  continuously. 

Table  40.     Approximate  Cost  of  Steam   Turbine  Plants  complete  x^ntli  steel  and 

concrete  hmldinzs. 


SllK   OF    I'l.ANT. 


Kil.i- 
walt.-(. 


.i.ono 

KMKKl 


Powt-r. 


'. ,  700 

n,4iio 

26.  SOD 


Coal 

IK-r 
K.W 

and 
Supplies 

in 
Se<xk. 

t 

$ 

70 

4,500 
9,(XK) 
18,000 

Total  Co?l. 


c.ipitnl 

(  llarKfS 

IOt;. 


Asm-'Ai   C(>*t  witimtt  OPEHAtiiw. 


Muintrnaiis  !■ 
anil  Kejiairs 

1-5',. 

Insuram-f  anri 

Tasi's  i' ;  . 


....I  .mrt 
.Sui>iilie5 


405.000  I 
7.sy,oiio  ! 
1, 4111.000 


40.450 

75.1X10 

MI.HOO 


4').  5110 


') ,  (KK) 
IX.IXKI 
J6,(IO0 


Latior, 


2 .  500 
■MMMI 
i   500 


'*.tlO 

IJ  < .  .5011 
i.lO.XOO 


IVr  HP 

in 

.<l.i]|. 

1 

»     . 

t. 

') 

QO 

<J 

m 

8 

60 

m'x.!;!^';^  :^l^^  °"-"""'  '-^"^  ">•  ■'< »  ^'  -«« ">  — t  pe-^  '"-i.. 


272 


Department  of  the  Interior. 


From  ilu-  forcRoin^  lablc  it  will  In-  sivn  that  the  a.tiial  annual  tost  i.f 
keepinK  siuli  a  plant  in  .. -crvc,  witlunit  oixralion  anil  without  i-vcn  keeping 
untliT  Mi-ani  continuously,  would  l.e  from  ahout  S'»  lo  SIO  jH-r  horsc--ix>wcr  >iar. 

In  thf  rast-  of  the  Fine  Falls  Mte,  thi-  hydro-tli-itric  jiowir  ix?r  lu)rse-|)owcr 
year  is  estimated  to  cost,  delivered  at  Winniivn  and  transformed  down  to  2.2(M) 
volts,   SI 2. 05  from  the  initial  and  SIO  .U  from  the  ultimate  developnunt. 

The  power  generated  l.y  the  steam  plant  during  the  jH-riodic  runs  would 
be  available  to  feed  the  circuits,  but  this  vvc.uld  not  really  be  a  credit,  for  it 
would  (mly  replace  hydro-electric  jiower  that  would  other\vise  "run  to  waste." 
This  iM.wer,  on  the  basis  above  (lefin«-d.  wouKl  amount  to  about  540.000  horse- 
{K)wer  hours,  and  at  S12  jK-r  hi>r.se-iM)wer  year,  would  be  etiuivalenl  to  about 
S2,700  ])er  annum. 


Cost  of  Fiki.  Powkr  iv  \Vinmpi:<;  (omp.vrkd  wiui  MiDRo-Ei-KCTRK   Powkr 

IROM    I'l.NI-;    F.\I.I.S. 

An  acct>unt  of  the  water-ixjwer  iK)ssibilities  of  the  Winnipeg  river  and  of 
the  cost  of  hydro-electric  power  delivered  at  or  near  W  innipeg  would  lianllv  In- 
a  complete  review  of  the  resources  of  that  river  without  a  comparison  of 
the  cost  of  that  i)ower  with  fuel  i)ower  produced  at  factories  in  the  same  neigh- 
bourhood. 

It  is  assumeri  iliat  the  hydro-electric  iK)wer  to  be  developed  would  In- 
transmitted  to  a  terminal  station  near  \\iimi|)eg,  and  sold  in  blocks  to  factories 
that  would  bo  induced,  by  the  low  price  of  the  power,  to  locate  near  the  said 
terminal  station. 

Two  specific  cases  will  therefore  be  assumed,  i.e.,  a  supjily  of  250  horse- 
power and  a  supi)ly  of  500  horse-jKiwer. 

Sources  of  fuel  po-urr  availal.-Ie  in  \VinniiH.'g.  These  consist  of  coal  for 
steam  plants,  producer  gas.  and  fi:el  oil. 

The  city  fire  department  has  four  500  horse-iKiwer  and  two  250  horse- 
jxjWi-r  engines  ojH'rated  by  iiroducer  gas  for  fire  i)ressurc  purposes,  and  this 
plr.nt  is  also  used  to  puni])  water  to  the  Canatlian  Pacific  railroad  shops. 

Fuel  oil  at  the  present  price  of  7  cents  [ler  gallon  is  an  economical  source 
of  ]K)wer. 

Manufactured  gas,  iliough  it  has  been  available  for  some  years,  is  not  useil 
for  f)ower  on  account  fif  the  high  cost. 
Natural  gas  is  not  available. 

Steam,  producer  gas,  and  oil  are  therefore  the  only  sources  of  fuel  power 
to  Ik-  ctmsidered. 

Basis  of  Estimates.  The  object  herein  is  to  make  a  fair  com[)arison  of  the 
cost  of  fuel  power  in  Winnipeg  comiiared  lo  low-pried  hydro-electric  iM>wer. 
Therefore,  the  estimates  for  fuel  power  have  been  i)ut  as  hnv  as  could  be  reason- 
ably done,  both  as  to  capital  and  o|)erating  costs. 

The  estimates  re])resent  the  best  conditions,  and  it  is  belie\ed  that  few,  if 
any,  individual  fuel-oiHTated  plants  in  the  districts  are  obtaining  or  would 
obtain  as  good  results  in  ])ractice  as  those  shown. 
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i'J2.     (  amparison  of  the  Cost  of  Fuel  Pourr  in  WinnipeK  uith  pmer  from 
Pint  balh.     For  details,  see  aiiompunyim^  estimates. 
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'  ..mnunti-ii;  on  \Wy-  (able,  attention  is  drawn  to  the  comparativclx  small 
exiHu-fiturc  ri(|iiirc(!  in  coniurlion  with  the  use  of  hyilro-elei  trie  jxiwir,  this 
rcprcM-iitinK  .iily  electric  motors  and  (•(luipnient.  as'  against  the  (ost  df  a 
co'uplete  fuel  pi  ,iil. 

It  will  lie  n-.ti.vd  that  Diesel  oil  plant  will  Kive  [Miwer  at  a  very  reasonable 
late  with  fuel  oil  ,,t  <<(..nt-  per  imin-rial  gallon,  hut  vef.  then  it  is  not  comparalile 
with  the  h\(lro-clectri(   power. 

Ihc  detailed  estimate  from  which  the  table  is  construe  ted  are  attached 
hereto,  ami  attention  is  ag.iin  called  to  the  remarks  re  "  basis  of  estimates." 

i;s!IM\Ti;s  Ol    COST  OK  STI  AM.  Oil.,  .\SI)  PROI)l(  RR  <;.AS  I'OWKR  IN   WIN.MPKc;. 
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l>TIMATIS   ,),.    rOST   OF    STKAM.    OIL,    ANP    PHODf.ll,    ,,as    H,WI  K    IV 
WINNIPIG— roi»/|«ttf</. 

500  B.  II.  P.  Sleam  Plant. 
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KSTIMATKS    OF    COST   OF    STFAM.    OH.,    AM.    PHOI.ITKR    .iAS    POWFR    IN 
WINNIPKO— Co«/)w/(e,/. 

500  B.II.P.  Diesel  Oil  Plant. 

Peak  Ir  ,d,  SOO  hor»c.ix,wor,     AveraKO  l„a,l.  75  jx-r  cent. 
Capilal  Cost  complete  at  tl  10  ixT  horse-|K,wer 
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250  B.H.P.  Producer  Gas  Plant. 

Peak  load.  250  horse-power.     Average  load.  75  per  cent. 
Captlal  Cost  complete  at  $1 10  per  horse-power 


Interest.  6  per  cent.     Depredation,  5  per  cent 


Production  Cost. 


Intcre.st  and  depreciation.  1 1  per  cent 
Repairs  and  maintenance  as  above 
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"  '^s'if?™.''^  k''**1'"'""  ^  '^"  llorse-power   ^ 
inanJS  P""-,'!"""  per  annum. 
■JUB.uuo  Ic.  w.  hours  per  annum. 

Per  b.h.p.  installed  per  annum 

Per  k.  w.  hour 


I-0.\D    F.VC1(J 


25  per  cent. 


$    cts 

3,025  00 

825  00 

1.980  00 

5.150  00 

250  00 

550  00 

11.780  00 


50  iKT  cent. 


$     cts, 

47  00 

C"nt3. 

2  88 


$     cts. 

3,025  00 

1 ,  100  00 

3,960  00 

10..i00  00 

450  00 

550  00 


19,385  (X) 


$    cts 

77  50 

Cents. 

2.37 


$     cts. 

3,025  00 

1.375  'K) 

5.940  00 

15.450  00 

650  00 

S50  00 

26,990  00 


$  cts. 
108  00 
Cents. 


H 


innipea,  River  Pouer  and  Sloraac  Inveslii^atw 
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KsriMATKS    OK   COST    OK    ST 


KAM,    Oil.,    AM)    I>ROI)l(  |;R   CAS    I'OWhK    IN 

\\i\sivii(.— Continued. 


>00  B.II.P.  Producer  Gas  Plant. 

Peak  load.  500  horst-pciwer.       ..fraKc  lo^nl,  7.S  jht  » t-nt. 
Capital  Cost  iom[)Ietn  at  $1(>(>  jmt  horsc-ixiwiT 


Iiuerfst.  6  ptT  rent.      Dci.m  iation.  5  [mt  i:enl. 

LafMtur;   2S  i«*r  cent  load  tai  tor.  ono  shift;  50  jicr  cent    two  sliift' 

KL'puirs  and  niaintt'nan.r:  on<.-  shift.  S  \h-t  a-nt  ■  two  shift 


l»T  .i-nt,  thro,'  shifts. 
4  iMT  ctMit.  thn-f  shifts.  S  {XT  .riit. 


I'r<ntuitiiin  C>i--t. 


IntPH'st  and  ch-pm  iation.  II  per  cpiit   .  . . 

Kt'jMirs  and  luainti-natii  e,  as  alnive 

LalKnir:  2  '  j  men  per  shift     

I'liel:  A  Ih.  per  h.h.p.  hour  at  $6.25.. 

ihl.  waste,  a.ld  sujiphrs      

insurance.  1  jht  cent.     Taxes,  I  percent. 


2.S  iier  cent  of  S.760  hours  X  500  horse-power 
1.(H;.S.()oO  h.h.p.  hours  per  annum. 
M7,IKKJ  k.  w.  h(jurs  per  annum. 


Per  b.h.p.  installeil  per  annun 
Pel  (i.  w.  hour 


2.S  IMT  . 


LoAn   K.At  r<; 


5(t  pt-r  t.i'nt. 


5,^00  01) 


1  .SIM 

IH,    1 

.!.5))0 

(Kl 

lu.Mm 

1X1    j 

451) 

(HI 

1  .IHHI 

IKI 

J  I.J 50 

(K) 

4 

rls. 

4J 

.5(1 

Ci'nK,    ! 

2 

""1 

5 

500 

(>.'l 

2 

(NHI 

(Ml 

5 

(KM) 

(HI 

11) 

()(MI 

(HI 

75() 

(Kl 

1 

(MHI 

(HI 

J4 

«S0 

00 

i 

.1^. 

/U 

(HI 

(.i-nts.    1 

i 

'■M 

75  \K-T  t 


t      Its. 

.^..5M)  (K» 
J.5IH1  (HI 
;.';(H)  (H) 
.t(l.i((HI  mt 
1.050  (HI 
I.O(MI  00 

48.4.50  (HI 


t        <tH. 

m;  (n> 

(..'t'lUs. 

I  y7 


(OST   OK    IIVDRO    II.KCTRK     I'OWKK. 

On  account  (jf  the  subdivision  in  applying  the  electric  (in,e  the  connected 
horse-power  is  generally  a  good  ileal  larger  than  the  [)eak  load  taken. 

For  250  horse-rxnver  load  proiiahK  some  .MH)  horse-power  of  motors  would 
be  installed  ranging  from  5  to  50  horse-power.  These  would  cost,  installed 
complete,  about  SI 5  per  horse-power. 

F'ower  would  1k>  available  at  the  terminal  station  at  the  price  (piottHl  at 
2,200  Nolts.  While  motors  are  now  freciuentU  used  at  th.u  voltage  it  is  ni<j're 
usual  to  transform  ilown  to  220  or  440  volts.  Transformers  for  this  purpose, 
with  housing  and  switching  eciuipment,  would  cost  about  S8  per  kilowatt  or  S(> 
per  horse-power. 

If  the  charge  for  power  was  based  on  the  rated  horse-power  of  motors 
connected,  the  quesli(jn  of  the  loss  in  the  mot(jrs  would  not  come  in. 

If.  however,  the  charge  was  based  on  the  metered  kilowatt  hours,  this  would 
be  measurtHi  on  the  high-tension  side  of  the  transformers  and  to  compare  the 
charge  with  that  for  fuel  power,  c.\|ires.sed  per  brake  horse-power  h.nir,  it  woul(l 
be  neccs.sary  to  allow  say  17^  per  cent  for  loss  in  transformers  and  motors  ,it 
\arying  loads. 
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250  B.H.P.  Hydro-Electric  Power. 

Costs  to  be  addtd  to  Cost  o/  Pauier  at  Terminal  Slation. 

Peak  load.  250  b.h.p.     Average  load,  75  per  cent. 

Capital  cost — 

300  b.h.p.  of  motors  installed  comolete  at  $15 

250  h.p.  of  transformers  and  equipment  at  $6 i ."...!....  . 


t         4.5UO 
1.500 


Interest,  5  per  cent.     Depreciation.  4  per  cent. 

Repairs  and  maintenance:  one  shift,  1  per  tent;  two  shifts.  Z  per  cer*;  three  shifts.  J  per  cent. 


6.000 


Interest  and  depreciation,  10  i»er  cent .... 

Repairs  and  maintenance 

Labour  and  oil 

Insurance.  1  per  cent.     Taxes,  i  per  cent. 


Load  Factors. 


25  per  cent. 


Totals. 


Per  Horse-Power  Year. 

If  power  is  charged  per  rated  horse-power  of  motors  connected  (,i00  horsc- 

power)  the  extra  cost  per  horse  power  will  therefore  be 
The  cost  at  the  terminal  station  is: — 
Initial  plant,    tl2.05 
Final  10.  J7. 

The  total  cost  per  horse-power  year 

to  the  user  will  therefore  be.  under  the — 

Initial  development 

Ultimate  development .\\ 


Per  Kilowatt  Hour. 

25  per  cent  of  8,760  hours  X  250  horse-power  =  547.500  b  h.p.  hours 

on  the  shaft  or  tools. 
Loss  in  transformers  and  motors,  average,  say  Vyi  per  cent 
100  746 

547.500  X  —   ^  663.500  X  =  495,000  k.w.  hours 

82-5  10000 

to  be  paid  for,  on  25  per  cent  load  factor. 

Initial  Development. 

Metered  k.w.h.  at  0-368  cent 

Additional  costs  as  in  preceding  tabic '..'.'.'.'.'..'..'.'.. 


9      CLS. 

600  (X) 
60  00 
100  00 
120  00 


50  per  tent. 


880  00 


%    cts. 


14  IB 
IJ  30 


t    cts. 

600  00 
120  (XI 
150  1)0 
120  00 


Totals. 


Ultimalt  Development. 

Metered  k.w.h.  at  0318  cent 

Additional  costs 


Totals. 


495.000  k.w.h.  is  the  amount  paid  for. 
408,000  is  the  ecjuivalent  applied  on  shaft. 

„    ,  Cos<  per  k.w.  hour. 

On  latter  basis  as  lor  fuel  power^ 


Under  initial  development . .  . 
Under  ultimate  development. 


$    cts, 


1.820  00 
880  00 


2.700  00 

t     cts. 
1,580  00 
880  00 


990  00 


$     rts. 
3   ,t0 


IS   .iS 
13  67 


75  per  cent. 


f     cts. 

600  00 
180  00 
200  00 
120  00 

1,100  00 


S    cts. 
3  66 


IS   73 
14  05 


$     cts. 


3.640  00 
990  00 


2.460  00 


Cents. 


0-661 
0-602 


t    cts. 

3.160  00 

990  00 


5.460  00 
1,100  00 


6,560  00 


4.150  00 


Cents. 


0  567 
0  508 


»  CU. 
4.740  00 
1.100  00 


5.840  00 


Cents, 


0  5.f6 
0  476 


500  B.H.P.  Hydro-Electric  Power. 

The  rates  would  be  increased  in  practically  the  same  proportion  in  the  case 
of  500  horse-power  as  for  250  horse-power,  and  may  therefore  be  considered 
to  be  same  as  given  for  250  horse-power. 


REPOivT 

ON 

THE  WINNIPEG  RIVER  POWER  AND 
STORAGE  INVESTIGATIONS 


CHAPTER    VIII. 
MARKET    FOR    POWER 
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CHAITKR  VIII. 
MARKET  FOR  POWER. 

W'hilf  it  is  not  tiu-  iiiu-iiiioii  in  this  rt-purt  t<>  K'><l<fl''y  '"'"  ''"'  l">Wfr  m.iri<»i 
situation  in  Munitoiia,  it  is  nt'ccssary,  in  orck-r  to  st'ciiri-  a  |)ri)|KT  a|)|)rc(ialii>ii 
of  tin-  uses  to  which  tho  powtT  risoiini's  of  thi-  WinniiHK  ri- ic  nia\  lie  applied, 
to  i)ritlly  cc'CT  ihi-  main  fialurt-s.  Howi-wr  t'Xirssivo  thr  latr'it  powtr  in  tin- 
river  may  now  ap|K'ar,  thiro  is  not  thi'  sliKiitfsl  douiit  tiiat  |)rornal>lf  tiiiplo\- 
mtiit  for  the  wliolc  will  Ir-  found,  and  that  in  the  not  distant  fiiturc.  In  \  it  \v  of 
thf  almost  imprea'dontod  rapidii\  of  tlu-  dcwlopnu'iit  of  NN'oicrn  C.in.id.i, 
and  of  its  imdouhtt'd  contiiuianiv  in  the-  immi-diato  futuri-,  tlu-  powtT  ri'sourcfs 
of  tho  Winnipi'K  possess  added  \alue,  aiul  the  necessity  for  their  coiiMrv.iiion 
to  meet  this  development  is  full\-  appreciate<l  hy  water-|M)wer  t-nninii-rs  of  the 
department. 

The  advances  which  ha\e  heen  and  are  con  t.mlK  hein^j  madi'  in  lon^'- 
distance  transmission  ha\e  greatly  extended  the  siope  of  power  di>tril>iiiion. 
Markets  which  a  few  \ears  ago  were  consiilered  entirely  beyond  the  re.ich  of 
central  hyilro-electric  stations  ari'  ikjw  williin  transmission  distance  and  aie  heinji 
profitably  de\eloi)e<l.  Transmission  lines  from  KM)  to  200  mile.s  in  lirmiii  are 
now  commonplace,  while  in  California  electric  energv-  is  Iteing  tr.insiiiiiied 
240  miles.  It  is  unlikeK-  that  the  limit  of  long-distance  transmission  has  Ut-ii 
ieache<l,  but  sutticient  has  been  s.iid  to  indicate  the  sci)|)e  of  ihi'  tL'rrilotv-  iribiii.iry 
to  the  Winnip.eK  river. 

The  constantly  increasing;  industrial  and  domestic  use  of  electrical  eiierg\-, 
and  the  new  uses  which  are  constantly  bting  discovered  for  its  application, 
all  tend  to  a  future  increase  in  the  general  power  demaml. 

Ratio  oi--  Horsi-:  i'ovvkk  Inst.vi.i.i;i)  to  Poi'ii.ation. 


No  general  rule  can  be  laid  down  establishing  a  fixed  ratio  between  power 
re(|uireiiients  and  population.  The  ratio  is  largely  dependent  upon  the  general 
living  conditions,  the  distribution  of  industrial  life,  and  the  n.itural  opportunities 
for  successful  economic  power  production.  Ai  the  same  time,  in  delinile  areas. 
the  general  relation  of  power  generated  to  population  serves  at  k.i>i  a>  .m 
indication  of  the  power  demand  which  inav'  be  anticipated  in  siinil.ir  di>trii'ts 
and  territories. 

The  relation  which  the  general  occu|iation  of  the  poptilation  luar>  to  the 
power  develoiKHl  is  marked,  but  cannot  bea|)plit<l  indiscriminately  to  .ill  -eciioiis, 
since  it  is  largelv"  combined  with,  and  dti)endein  on,  existing  physical  oppor- 
tunities for  successful  development.  Water-power  in  any  section  is  of  course 
entirely  base<l  upon  the  physical  features  relating  to  and  controlling  the  run-off, 
though  its  successful  development  where  tlu:  opportunitv-  exists,  depemis  on 
ni;irket  opportunities,  .ind  on  the  flegnn-  nf  coiiijietition  fm;;;  other  ;K)wer 
sources.     In  other  words,  while  a  water-power  undertaking  in  one  section  of  the 
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•ountry  may  provo  an  unsiircfssful  romnierrial  \tnture,  a  -iniilur  aiul  f(|uallv 
( ostly  (li-vflopiiK.iu  may  in  <Iilftrfnt  surroun<lint;s  and  uml  .urent  conditions 

of  comiR'tition  prove  t-ntirdy  I'fticii'nt  and  surressfiil. 

(  ANADA  AS  Compared  with  (Jtiii  k  'ointriks. 

A  general  review  of  the  present  status  of  Indr.-electric  power  development 
in  the  leachng  countries  of  the  world  is  of  interest  in  this  connection,  and  to  this 
end  table  4,<  and  plate  75  have  been  compiled  and  are  a|)pended. 

In  compiling  data  of  this  nature,  considerable  research  was  rerjuired  and 
<lependence  had  necessarily  to  Ik.-  place<l  on  dal.i  from  various  sources  The 
results  are  not  given,  therefore,  as  depicting  accuratelv  the  exact  status  of  hvdr.,- 
<lectric  dexelopment  in  the  various  countries  listed,  but  are  given  merely  as  an 
indication  <,f  the  comparative  tiegree  of  progress  which  has  been  made  along 
these  lines.  The  figures  for  the  United  States  are  taken  from  the  evidence  given 
m  December,  1914,  Ix-fore  the  Senate  Committee  on  the  Ferris  Water- Power  liill 
lor  the  Dominion  of  Canada,  the  paucity  of  delinite  information  concerning  the 
rivers  in  the  northern  jjortions  <,i  the  country  prevents  anv  accurate  statenuni 
of  the  available  undeveIope<l  ixjwer.  One  estimate  of  17,820,000  horse-power 
has  l)een  made  in  this  connection,  which,  while  probably  based  on  meagre 
information  with  regard  to  the  northern  rivers,  is  the  lK?st  figure  available  It 
should,  however,  be  used  with  reserve.  The  develofK-d  power  in  Canada  is 
placed  at  1,711,000  horse-power,  and  represents  the  compilation  to  date  by  the 
engmeers  of  the  Dominion  Water  Power  Branch.  For  the  purposesof  comparison 
C  anada  has  beer  considered  both  in  terms  of  its  whole  area  and  of  the  populated 
area.  This  has  l)c-en  considered  advisable  in  view  of  the  vast  expanse  of  at 
present  practically  uninhabited  area  in  the  north. 

A  reference  to  the  table  and  plate  shows  the  Dominion  as  comparing  well 
with  other  countries  in  the  status  of  water-power  development.  While  the 
ratio  of  powe-  develop  >d  per  square  mile  does  not  compare  with  Switzerland 
Norway,  Italy,  Sweden,  and  other  countries  smaller  in  area  or  more  advanced  in 
settlement.  *'  e  rrtio  of  power  developed  to  population  places  Canada  second 
m  positio  •  T         to  Norway.     The  development  per  capita  for  the    two 

rountner  , ely  0 •  2 10  and  0  •  487  or  2 10  horse-power  and  487  horse-power 

per  1,000      :■  . 


HYDRO-ELIiCTRIC    DkvKLOPMENT    IN    THK    UniTKD   StATKS. 

In  the  Unitc<l  States  the  present  total  development  of  hvdro-electric  energv 
amounts  to  7,000,000  horse-power,  or  at  a  ratio  of  76  per  1,000  population  A 
report  issued  by  the  Commissioner  of  Corporations  on  water-power  development 
in  the  United  States  dated  March  4,  1912,  lists  data  which  are  of  general  interest 
in  viewing  the  growth  of  hydro-electric  power  in  recent  years.  This  report 
places  the  total  prime  moving  stationary  power  installed  in  the  United  States 
m  1907  for  manufacturing,  mining,  and  quarrying,  street  and  electric  railways 
and  at  central  stations  at  practically  22,912,013  horse-power.  This  total  is 
stated  as  being  probably  below  the  actual  figure,  as  a  considerable  volume  of 
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..1,,^  vc.„, ...,.  :'„,.,  irrm;:  rr:rr  s -  ■^^• 

or  ,hc  „,„„  i„,„e.,i„',  ,c.,u;™  o,  ,k"  ,,;:''  .iri;,^;;::::';  "■'>■■  r 

then  recent  deselomnenl   of  r,-^,.A  '"umi  in  the  data  relative  to  the 

<lurinK  the  period  ,902  to  Vm^m^^;'"'''^''-''''^'^''''  .his  connection 
Returning  to  the  listed  total  in  tal.le  4?    il,..  ,.  „ 

'":■■  ,-•  -■"«;■  As  ,,.v. ,  „„  ,„„,:;';,';','; ,  ,U ,  „r  ::,:r';;,""" "- 

IS  indicative  of  the  rapid  progress  uhich  h-.     1  .  '  "''  •'''"^■^' 

HviJK<>-Ki.i.;(TKi(    Di-vKLoi-MKNT  IX  Canada. 

W.U..,, .,„„,<„„„-„„ ,., ...:^;:^;:'     "  f"';^';,;;;.';;;'''™ - 

noi 'on.sK  ere(    to  he  f  ir   win,-   tl,...  i  ■  ^-      *»""•■■  the  totals  are 

indicate  that  this  distritn,ii„„  i.  In  ,„,  m,.,„    .     -f       '',    '"\'-  '"  ''^^"  ''''''e  will 
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lion  of  the  local  population,  and  the  power  develoiied,  is  at  once  apparent. 
Ontario,  Quel)cc,  Manitoba,  and  British  Columbia  are  all  well  supplied  with 
the  natural  facilities  for  -uccessful  water-power  development,  as  is  indicated 
by  the  ratios  of  279,  233,  111,  an<l  614  horse-power  jxt  1,000  poiiulation  respect- 
ively. In  the  Yukon,  where  the  population  is  small  and  largely  engaged  in 
mining,  the  projiortionate  [Mjwer  developed  is  high.  In  the  mountainous 
])rovince  of  British  Columbia,  where  high  heads  and  an  abundant  run-off  supply 
exce])tional  facilities  for  successful  power  development,  and  where  the  population 
iscom])aratively  small,  the  pro[)orlionate  ])ower  developed  per  head  is  exception- 
ally high.  The  industrial  and  urban  life  in  Ontario  and  Quebec  is  making  large 
demands  on  the  respective  water-power  resources  of  the  two  provinces,  and 
development  keeps  pace  with  a  rapidK-  growing  market. 

Different  conditions  exist  in  the  central  prairie  provinces.  The  ])opulation 
is  largely  rural,  and  the  physical  characteristics  of  the  Middle  West  do  not 
supply  the  conditions  of  uniform  run-off  and  natural  river  fall  essential  to  the 
cheap  and  immediate  development  of  power  from  water.  The  rivers  throughout 
this  section  are  irregular  in  flow,  with  high  floods  and  low  winter  discharges, 
and  with  fairly  uniform  but  slow  fall.  Storage  reservoirs  for  the  relief  of  the 
extreme  low-water  winter  conditions  must  form  a  necessary  adjunct  to  the 
successful  development  of  large  undertakings  throughout  the  central  portion 
of  the  West.  This  has  had  the  effect  up  to  the  present  of  restricting  develop- 
ment, especially  in  the  province  of  Saskatchewan,  in  spiie  of  rapidly  growing 
towns  and  cities  which  provide  a  ready  and  suitable  power  market.  The 
province  of  Alberta,  with  the  eastern  slope  of  the  Rocky  mountains  lying  along 
its  western  border,  provides  better  facilities  for  the  development  of  hydro- 
electric undertakings. 

.\t  the  time  of  writing  there  is  upwards  of  30,000  -horse-power  turbine 
capacity  installed  on  the  Bow  river  at  the  Horseshoe  and  Kananaskis  falls,  the 
greater  part  of  which  is  transmitted  to  Calgary  and,  together  with  a  smaller 
development  within  the  city  limits,  renders  available  about  20,000  horse-power 
for  the  supply  of  the  city,  the  population  of  which  is  in  the  neighbourhood  of 
74,000.     The  ratio  in  this  instance  becomes  about  270  horse-pjower  per  1,000. 

In  the  j)rovince  of  Manitoba,  with  which  this  report  is  mainly  interested,  the 
Winni])eg  river  was  early  recognized  as  a  source  of  cheap  power,  to  the  end  that  a 
ratio  of  111  developed  horse-power  per  1,000  inhabitants  is  shown  in  the  above 
table.  This  is  a  high  average  for  a  population  mainly  engaged  in  agricultunil 
pursuits.  On  looking  into  the  distribution  of  the  iiower  consumers,  however, 
the  situation  in  the  province  emphasizes  more  strongly  the  influence  of  ;n 
urban  population. 

Of  the  total  tabulated  above  for  Manitoba,  .^0,000  horse-power  is  developed 
on  the  Winnipeg  river,  about  45,000  horse-power  of  which  is  available  on  the 
Winnipeg  terminals  for  use  in  and  around  the  municipality  for  purposes  of  street 
railway  operation,  lighting,  heating,  industrial  and  domestic  use. 

The  g(Mior;ii  elertric.Tl  power  !o,^d  in  Winnipeg  is  at  present  carried  liy  the 
two  hydro-electric  plants  on  the  Winnipeg  river,  and  by  the  auxiliary  steam 
plant  of  the  Electric  Railway  Company  in  the  city.     A  combined  peak  load  of 
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over  40,000  kilowatts  or  atjout  55,000  horsi-jMrncr  is  fn.'(iiitiitl\  c.irrifd.  On 
this  basis,  tlie  genera!  power  reiiuiremeiits  of  the  city  are  in  tiie  ratio  of  260 
horse-power  per  1,000  population,  in  (UdiicinK  the  power  re(iiiirenients  ot  the 
(•it\'  of  Winnipeg,  this  figure  cannot  he  (unsidered  too  high  in  \ii'w  of  tlii'  ])ower 
which  is  in  use  throughout  the  city  from  other  sources.  It  is  iirohahlc  that  the 
ratio  will  rise  rapidly  in  the  future  with  the  further  develo])nient  of  industrial 
activity. 


A  summary  of  the  above  data  res])ecting  the  relation  of  water-jKiwiT  de\eiop- 
menl  to  the  number  of  ])opulation  would  serve  to  eni])hasize  that,  granting  the 
existence  of  a  supply  of  power  capable  of  profitable  development  in  C()m])etition 
with  power  from  other  sources,  the  ratio  of  (levelo|)ment  is  not  dependent  so 
much  upon  the  mere  extent  of  the  jioiiulation  as  to  the  grouping  of  the  same  in 
industrial  centres  within  easy  and  convenient  transmission  distance  of  the  power 
sources. 

This  conclusion  is  illustrated  definitely  and  C(jncretely  in  the  discussion  and 
estimates  on  hydro-electric  distribution  in  Manitoba,  dealt  with  at  a  later  stage. 

Tin;  \ViNMi'i:(.  Markkt. 

The  market  which  first  presents  itself  for  tht'  disposal  of  the  Winnipeg 
river  power  is  that  of  the  city  of  \Vinnii)eg.  The  growth  of  this  city  has  been 
one  of  the  remarkable  features  of  the  general  development  of  the  Canadian  West . 

HISTORY    AND  (.ROWTIl    OK    Tilt-:    CITY. 


As  a  trading  jxjst  of  the  Hudson's  Ba\  Company,  \Vinnit)eg  had  a  long 
and  varied  history,  with,  however,  little  growth  iti  populatioii  or  intlustr\. 
In  the  year  1812,  Lord  Selkirk  established  his  colonists  in  the  Red  River  valle\ . 
but  lack  of  trade  outlet  prevented  any  real  ])rogress.  With  Confederation, the 
securing  of  the  Hudson  Bay  territory  from  the  Hudson's  Bay  Comjiany,  and 
the  suppression  of  the  Riel  rebellion  by  Colonel,  afterwards  Lord  Wolsele\ ,  ,i 
new  order  came  into  being,  and  the  develoiMiient  of  the  western  ti'rritory  i  oin- 
menced,  with  Winnipeg  as  the  portal  to  the  new  lunpire. 

In  1870,  Winni])eg,  then  a  Huds(»n's  B.iy  trading  post,  had  a  po])ul.ition 
of  215.  In  1874  a  poi)ulation  of  1,869  had  assembled,  and  Winniiieg  w.is  iiicor- 
])orate(l  as  a  city.  In  1878  the  first  steam  railwa\  reached  the  city,  coining  in 
from  the  United  States  to  the  south.  This  was  followed  in  1886  b\-  the  achiiit 
of  the  Cana<lian  Pacific  from  Eastern  Canada,  and  the  era  of  rapid  develoitimiit 
had  arrived.  Railway  extension  proceeded  with  inexamiiled  rapidity  until 
to-day  the  city  is  the  hub  of  five  railroad  s>stems,  with  a  total  of  fifteen  radiating 
lines.  The  tabulated  increase  in  yearly  popi>1ati  >n.  nahy  Aahii-<,  etc,  based 
on  the  assessment  records,  and  appended  herewith,  illustrates  coiRi>el\  the 
growth  of  the  cit^y. 
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Table  45.   -Increase  in  Population,  Realty  Values,  Building  Permits,  andFactory 
Output  of  the  City  of  Winnipeg. 


Yrar. 

I'UPILATION. 

Ri-alty 
\'alnc. 

llilililinij 
IVrniits. 

City  of 
WinniiK-R. 

r.reater 

VVinniiwR. 

i. 

Output. 

1. 

2. 

4. 

5. 

6. 

1870                                  

215 
l.X6g 
11.574 
.19.  (S4 
42 . 500 
48.411 
56.741 
67.262 
79.975 
101.057 
111.729 
11H.252 
122..fi>0 
1.12.720 
1 5 1 . 958 
166. 5S< 
1X4.7.10 
210.000 

'  '.SO., 500 



$ 

s 

'.  ,,: :.'!,,, 

8.606.248 

.10 .  496 .  920 

J8 . 596 . 680 
.50.595.900 
65.662.240 
84.752.580 
112. 41.1. iXM) 
124.521.160 
1,11. 402.  X40 
185.870, 140 
2011.     88. 600 
24/  .601.580 
299 . 698 . 980 

2.408.125 
5.689.400 
9.651 .7^0 
10.840.150 
12,625.950 
6., lew.  9.50 
5    51,1,  7(K) 
9. 226. ,125 
15.116.450 
17.550.418) 
20.56.1.750 
18. .157.  1,50 

1903 

97.401 
119.8.17 
1.16.951 
1 ,19 .  869 
15  7.. 18.1 
172.865 
204.145 
227. .vl9 
260.4.16 
276.177 

1905                                 

18,98.1.248 

1906                              

1911                                 

1912                                 

1913                              

'Kstiniatcd  by  Winnipes  Itiriu^triul  Bureau. 

Column  2.  from  city  assessment  reconls. 

Column  .1.  from  llend-rson"    Directories.  Limited. 

Twenty  years  from  the  date  at  which  the  population  was  only  215,  the  city 
had  oxer  40,000  people.  In  the  five  years  following  1902  the  population  was 
doubled.  In  1914  the  population  is  estimalcnl,  from  assessment  records,  at 
210,000.  Including  the  surrounding  municipalities  which  are  comprised  in  the 
f'.reater  Winnijieg  Water  district,  i.e.,  St.  Boniface,  Transcona,  Assinihoia, 
Fort  Carry,  St.  Vital,  and  Kildonan,  the  total  population  is  237,000. (') 

In  this  connection,  plate  76  is  of  interest.  The  curves  thereon  were  compiled 
by  the  Hoard  of  Consulting  Kngineers,  reporting  to  the  Winnipeg  Water  Supply 
Commission  in  1907,  on  the  question  of  an  adequate  source  of  water  supply 
for  the  future  needs  of  the  city.  The  curves  show  the  relative  rate  of  increase 
of  the  various  cities  of  Canada  and  the  United  States  after  attaining  a  population 
of  100,000.  .-Xccarding  to  the  deduced  curve  of  growth  for  WinniiK'g,  the 
population  in  1914  should  lia\e  been  about  220,000.  Reference  to  table  4.S  and 
to  the  population  of  the  (Ireatcr  Winnipeg  Water  District  shows  how  closely 
the  estimates  of  the  engineers  have  been  fulfilled. 

The  assumption  that  the  rate  of  growth  shown  by  the  curve  will  continue 
in  the  future,  will  give  to  Winnipeg  a  population  of  800,000  in  the  year  1948. 
Considering  the  past  progress  of  the  city  and  its  unequalled  situation  and  o()por- 
tunities  as  the  gateway  of  the  West,  and  the  abundant  supply  of  cheap  power 
within  easy  transmission  distance  this  estimate  d(x.>s  not  seem  unreasonable. 

As  was  noted  above,  the  present  consumption  of  jxjwer  in  Winnipeg  rises 
during  [jeak  loads  to  260  horse-power  per  1,000  uoijulatiun.  The  equivalent 
continuous  power  actually  used  is  on  the  basis  of  140  horse-power  pv:   1,000. 

'Hendc-son's  directory  for  Winnipec  for  the  year  1915  giyes  the  population  of  Greater  Winnipeg  as  273.047. 
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A  population  of  800.000  in  1948  would,  on  this  basis,  require  some  200,000 
horse-power  available  for  jx-ak-load  distribution.  This  would,  conservatively 
speaking,  mean  a  development  of  225,(M)0  peak  load  on  the  river,  or  say  140,000 
continuous  horse-power. 

According  to  the  totals  compiled  elsewhere  in  this  report,  418,000  twenty- 
four  hour  hor.si--power  can  l)e  deveioiHHl  on  the  regulated  river.  The  above 
calculation  indicates  that,  after  reserving  sufficient  power  at  the  present  rate  of 
consumption  to  supi)ly  the  city's  re(iui>-ements  till  1948,  there  would  still  l)e  an 
ampL-  balance  of  available  power  on  the  river  to  use  for  other  purposes. 
However,  reference  to  the  proportionate  [xjwer  growth  cur\e  on  plate  78  shows 
a  rapidly  increasing  use  of  electrical  energy  {x;r  head  of  population,  and  assuming 
that  this  rate  of  increase  continues,  indicates  that  practically  the  entire  output 
from  the  river  would  l)e  required  by  the  city  in  about  forty  years. 

The  curve  on  plate  77  indicates  the  growth  of  power  consumption  in  the 
city.  This  curve  represents  in  terms  of  kilowatt  hours  per  month  and  in  con- 
tinuous horse-power,  the  total  load  used  in  and  around  Winnipeg,  from  the 
Winnipeg  Electric  Railway  Company's  hydro-electric  and  steam  plants  and  from 
the  municipal  plant  at  Point  du  Bois.  The  load  carried  by  the  steam  plant 
prior  to  the  construction  of  the  Finawa  station  in  1906  is  not  plotted.  P>om 
this  date  the  curve  shows  a  growth  from  zero  to  15,000,000  kilowatt  hours  per 
month,  or  to  some  28,000  continuous  horse-power. 

In  this  connection,  table  46  is  of  interest  as  showing  the  growth  of  the  ratio 
of  power  used  to  the  population. 

The  curve  on  plate  78  is  based  on  table  46.  It  is  to  be  noted  that  the  ratio 
of  power  consumption  to  the  population  has  been  growing  contiimously  and 
regularly  since  hydro-electric  power  was  first  transmitted  to  the  city.  The 
regularity  of  this  proportionate  increase  is  remarkable.  With  the  abundance 
of  power  seeking  market,  and  the  industrial  growth  of  the  city  at  present  in  its 
vigorous  infancy,  there  is  every  reason  to  anticipate  that  this  proportionate 
use  of  power  will  continue  to  increase. 

Plates  79  and  80  are  also  of  interest  in  this  connection  as  showing  the  general 
conditions  of  daily  load  maintaining  in  the  city  under  typical  summer  and  early 
winter  conditions. 

INDUSTRIAL   Di:VELOP>'l-:NT. 

In  recent  years  an  active  campaign  has  been  inaugurated  looking  to  *he 
establitS  .^ent  of  Winnipeg  as  an  industrial  centre.  The  opportunities  ir  lis 
direction  can  be  readily  realized  when  the  location  of  the  city  is  noted,  lying  3  it 
does  at  the  threshold  of  the  agricultural  West,  and  in  close  touch  with  an  abun- 
dance of  cheap  power  to  the  east.  The  enormous  influx  of  people  to  the  new 
lands  has  createtl  a  heavy  and  constantly  growing  demand  for  manufactured 
goods  which  offers  possibilities  to  the  city  in  the  manufacturing  line  that  the 
municipal  authorities  have  not  been  slow  to  realize. 

It  is  difficult  to  determine  the  exact  quantity  of  manufactured  goods  brought 
annually  into  the  West,  but  the  railroad  receipts  at  Winnipeg,  covering  some 
of  the  heaviest  lines  of  imports,  give  a  fairly  accurate  idea  of  how  great  is  the 
flow  of  industrial  products  through  this  city  into  Western  Canada. 
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Records  show  that  25,000  carloa.b  of  manufactured  goiKls  were  received 
in  1910  with  hills  of  lading  reading  Winniix-g,  75  jx-r  cent  of  which,  it  is  estimated, 
could  have  Ix-en  made  in  the  country.  A  classification  of  the  above  total  shows 
the  following:  6,535  carloads  of  iron  and  the  products  of  steel  and  iron,  including 
structural  steel,  ^^ire  nails,  hardware,  machinery,  iron  pipe,  stoves,  furnaces, 
and  tinware;  4,748  carloads  of  agricultural  implements,  automobiles,  furniture, 
carriages,  barrels,  wagons,  paints,  organs  and  pianos.  Pap^-r  3-  ';_";;^: 
sewer  pi,x-,  glass  ,,nxUicts,  crockery,  paints,  canned  goods  all  figure  largely 
and  range  in  <iuantities  from  250  to  700  cars  each. 

The  <lemand  for  manufacturcHl  go<xls  is  the  normal  secpiei  to  the  rapu 
development  of  the  agricultural  territory  of  the  prairies.     1  his  .levelopment 
is  proceeding  continuously   and   rapidly,   and    is   concurrentK-   .levoloping  an 
increasing  market  for  industrial  imxlucts. 

That  Winniix'g  is  well  able  and  ideally  located  to  supply  a  large  proportion 
of  this  demand  for  manufactured  grxxls  is  well  recogniml,  and  that  rapid  progress 
in  this  direction  is  bc-ing  made  is  e^  i.ienced  by  the  fact  that  there  are  at  presen 
established  in  the  city  over  400  factories,  employing  in  the  neig  ibourho..!  of 
20,000  hands,  with  an  output  in  1014  valued  at  $45,000,000.      1  he  ,x>rcen.age 
of  increase  in  the  manufactures  in  the  past  ten  years  was  -SM,  ami  in  twent 
years  was  608.     While  these   figures  are  indicative  of  rapid   and   substant  al 
development,  it  mav  Ix-  said  without  exaggeration  that  the  possibilities  in  this 
direction  are  at  present  little  more  than  broachc.1  upon,  and  that  the  future 
holds  much  greater  opportunities  than  have  lxx>n  grasixd  to  date.      1  he  out- 
standing a.lvantages  upon  which  the  city  may  confidently  rely  as  «^n-.r,ng  Us 
future  in<lustrial  development  are:  an  abundant  supply  of  cheap  power,  umxce- 
celled  distribution  facilities  in  the  shape  of  railway  connections,  ami  a  practicalU 
unlimited  market  for  manufactured  prtxlucts. 

ThK    C.r.NKR.M.    M.\NIT<)B.\    MaRKKT. 

Turning  to  the  province  as  a  whole,  the  c,uestion  of  market  .nmlitions 
becomes  somewhat  more  ct.mpkx.  This  is  mainly  due  to  the  t.ict  that  the 
industry  of  the  province  as  a  whole  largely  pertains  to  agriculture,  with  a  con- 
senuenl  dispersed  population. 

The  mineral  and  timber  resources  of  the  Prairie  Provinces  are  to  a  great 
extent  undevelope<l,  an<l  undoubtedK-  offer  a  ver>  profitable  field  for  nnesi- 
-  .nt  Among  such  resources,  to  tlie  de^  elopnient  of  which  the  W  inmpeg  nver 
ill  umloubtedlv  be  in  part  applied,  might  be  liste.l  limestone  with  clay  an.l 
.hale  fi.r  Portland  .erneiit,  calcareous  sl;ales  suitable  for  natural  cement  gypsum 
friable  san.lstone  for  glass,  clay  for  brick  and  tile,  limber  for  btnlding  an.l 
manufacturing,  and  woo<l-i)ulp  for  paper  manufacture. 

(.KNKKAI.    llVURO-ia.IXTRK     DlsTRlIU  riON    IN    MANITOBA. 

While  on  the  (luestion  <.f  power  market  in  Manitoba,  it  will  be  well  to  look 
mto  the  prospects  ol  .t  g.ucal  Mhemc  of  hy.hu-electric  distribution  thruuuhout 
the  i)rovince.  In  this  connection  we  are  fortunate  in  having  to  hantl  recent  ami 
reliabh'  data,  the  Provincial  C.overnment  having,  with  the  co-operati.m  of  tlie 
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Dominion  Water  Power  Branch,  recently  coniijleted  a  very  tlioroii^h  stinK  of 
the  problem. 

The  (ievelopnient  of  the  h><lro-etectric  system  of  the  i>ro\inie  of  Ontario 
under  the  Hydro-Klettric  Power  Commission  has  witlely  ailvertised  i)iil)lic 
ownership  of  transmission  systems  for  the  distribution  of  electrical  energy,  as 
well  as  the  o])i)ortunities  for  successful  jjublic  ownership  and  o])eration  of  Indro- 
elcctric  Kfnt'ratinj;  stations.  For  some  time  there  existed  throui^iiout  the 
province  of  Manitoba  a  feeling  that  with  the  >jreal  water-powers  of  the  Winnipeg; 
so  readily  available,  a  duplicati<m  of  the  Ontario  Indro-cleclric  s\stem  in 
Manitoba  was  not  onK'  feasible  but  was  bound  to  priAc  a  successful  imdertakin^;. 
The  outstanding  difference  between  the  conditions  existing  in  tile  two  pro- 
vinces, i.e..  that  Ontario  was  thick!\-  dotted  witli  mainifacturing  towns  ,nid 
cities  offering  a  large  existing  and  rapidly  growing  niarki't  for  power,  wiiile 
Manitoba  was  essentially  an  agricultural  pro\in<'e  with  more  sc.ittered  and  in 
general   less   populous   municipalities,   was   to  a   large  extent    oxerlooked. 

In  order  to  test  the  feasil)ilit\-  of  an  Indro-elcctric  s\stein  for  Manitoba 
the  Provincial  (".overnnu'nt  determinefl  to  tiiorougiily  in\estigate  the  whole 
((uestion.  To  this  end  a  resolution  was  jjassed  in  the  legisj.iture  i)ro\iding  for 
an  investigation  into  the  question  of  the  development  of  imblicK -owned  Indro- 
electric  power  within  the  provind-.  with  a  view  to  sicuring  for  all  sections  of 
the  province,  rural  as  well  as  urban,  the  benetiis  anil  coinenienccs  enjoNid  by 
the  citizens  of  WinnijH'g  as  the  result  of  the  exjienditure  of  public  mone\'  for 
power  development  and  distribution.  .Mr.  H.  .^.  Robsoii.  K.C..  Public  I'tilities 
("ommissioner  of  the  ])ro\ince,  was  i)laced  in  charge  of  the  iinestigation. 

The  general  results  of  this  in\estigation  are  of  great  interest,  not  only  from 
the  standpoint  of  a  state-ownid  Indro-t'lectric  s>stem.  but  also  from  the  st. Mid- 
point of  private  ownership  and  operatiim  of  a  similar  i)roject.  The  coiiiniissioiier 
based  his  re|)ort  up(m  very  thorough  personal  research,  b.uked  b\  ri'liable 
engineering  data  and  expert  engineering  o|)inion  as  to  the  pcjwer  available,  the 
market  offering,  and  the  cost  of  constructing  and  oiierating  a  suitable  s\stein. 
Full  and  definite  informatiim  was  sui)plied  b\  ttu>  Dominion  Water  I'ower 
Branch  as  to  the  water-power  available  for  supplying  such  a  system  ,i>  was 
under  consideration.  An  exhaustive  analysis  of  the  ca])ital  and  annual  cost 
of  distributing  the  power  throughou!  the  pro\ince  was  made  l)\  Mr.  W  .  E. 
Skinner.  (".K..  of  Winnipeg,  based  upon  the  market  lo  be  anticiii.ited.  this 
being  determined  after  a  careful  c.unass  of  the  municipalities  and  rural  districts 
lo  be  served . 

The  det'niite  ])rojecl  investigated  invoUed  a  gener.iting  st.ition  .it  Pine 
falls,  ilistanl  64  miles  from  W'imiiiH'g.  Mu  miles  of  n().()()()-M)lt.  61  miles  of 
6().(MK)-volt.  and  52.S  miles  of  ,^(l.()()()-\-olt  tnuismission  lin(>.  as  well  .is  local 
6.600  volt  transmission.  The  110.000-volt  line  was  jjrojecled  from  Pine  falls 
direct  to  Winnipeg,  thence  westerly  to  Brandon,  thence  directh  south  ^onu'  .^^ 
miles,  thence  east  to  the  \icinit>-  of  Morris,  and  thence  northeasterly  to  W  innipeg. 
The  60.000  volt  transmission  involved  two  lines  radiating  from  Brandon,  one 
southwesterly  to  Hartney,  and  the  other  southeasterly  to  Waw.mes.i.  The 
,K).00()-volr  tratisniission  in\'.)Ke(l  lines  radiating  from  Winnipei;.  P')rtaue-la- 
Prairie,     Brandon,     Rapid    City,    Hartne\ ,     Pipestone,    Waw.mesa,    Glenboro, 
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Roland,  and  Mum  Coulee.  The  6,600-volt  distribution  was  considerefl  in  a 
more  general  manner. 

Mr.  Skinner's  estimates  are  based  on  tirst-class  construction  and  standard 
eciuipment  of  permanent  character,  steel  towers  being  considered  for  all  110,000- 
volt,  60,000-V()lt,  an<l  .?(),000-volt  lines.  The  proiK)sed  Pine  falls— Winnipeg 
transmission  comprised  a  single  line  of  steel  towers  with  two  complete  three- 
phase  circuits.  The  balance  of  the  high-tension  line  is  estimated  for  (me  three- 
phase  circuit,  and  provides  for  the  stringing  of  a  second.  The  distribution 
circuits  are  not  included  in  the  main  estimates,  as  it  was  the  intention  of  the 
reiK.rt  to  cover  only  the  outlay  necessary  to  place  the  energy  within  reach  of 
the  different  sections  of  the  province. 

The  report  assumes  the  development  and  placing  on  the  low-tension 
switchboard  of  the  Pine  falls  power  plant  .?8,0()0  horse-power,  i.e.,  the  present 
minimum  flow  capacity  of  the  river  at  that  site.  The  transmission  system  is 
planned  to  deliver  not  less  than  10,000   kilowatts  over  either  branch  of  the  loop. 

The  estimated  capital  cost  of  developing  the  necessary  power  at  Pine  falls 
was  supplied  by  the  Dominion  Water  Power  Branch. 

Summary  uf  Capital  Cost  (.exdudin^  distr:hutim). 


Power-house.  pT-TatinR  equipment 
llO.mKMolt  I      ..Miiission 

60.(¥X)-volt  i .     sniissiSn 

iO.OOO-volt  transmission 

llO.OOO-volt  substations 

6().(KK)-volt  substations 

.fO.OOO-volt  substations 


t     ,?. 117,400 


step-up  transformers,  etc ♦     y  j^j  ■  j ^ , 

,Uo!906 


Total . 


2,5:5.125 
600,511 
123,714 
569. J30 

.$     9,902.109 


Optrittmn  tosfs  {supl>lyins  latino  and  tillages  only). 


Depretiation  (on  above  capital  cost) 

Interest,  5  per  cent 

( >]H.'ration 


Total  Annual  Ci 


$  28.?,  919 
495.105 
177.580 

.$         956,604 


With  the  information  at  haml.  Mr.  Skinner  estimated  that  an  hydro-electric 
system  in  the  section  of  the  province  indicated  would  result  in  the  use  of  energy 
totalling  8,308„?2()  kilowatt  hours  per  annum,  2,400,000  kilowatt  hours  of  this 
total  being  for  lighting  and  power  purposes  in  farming  communities,  leaving 
.S,908„^20  kilowatt  hours  for  the  towns  and  villages.  L'poi.  :'e  above  basis 
the  unit  cost  to  the  towns  and  villages  would  average  at  the  rate  of  16-2  cents 
per  kilowatt  hour. 

Upon  taking  into  consideration  the  cost  of  a  comprehensive  system  of  rural 
distributi.m,  the  cai)ilal  cost  rises  to  S18,6,S,i<)0'),  with  an  tinnual  charge  of 
81,926,669.  Taking  this  on  a  basis  of  10,000,000  kilowatt  hours'  outinit  (con- 
siderably above  the  estimated  market)  it  raises  the  average  rate  to  19-26 
cents  i)er  kilowatt  hour. 

These  figure'^  are  greatK'  in  excc»  of  tlie  price  for  which  iiower  is  now 
being  developed  and  sold  by  local  plants  throughout  the  district. 

It  is  clear,  therefore,  that  the  present  industrial  status  of  the  prox  ince  does 
not  warrant  the  inauguration  of  an  hydro-electric  system  of  the  nature  described. 
The  enormous  overhead  charges  which  must  be  borne  render  such  a  scheme 
entirely  impractical,  until  such  time  as  ihe  local  market  conditions  throughout 
the  province  will  guarantee  at  least  a  fair  return  from  the  investment  at  rates 
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reasonable  to  the  consumer.  That  such  a  lina-  will  tome,  and  that  in  the  not 
distant  future,  can  be  conliclently  anticipati><l,  if  the  present  prosixTitx  and 
rate  of  growth  of  the  cities  and  towns  ol  the  pros  ince  is  continued. 


While  a  comprehensive  hydro-electric  s\>tein  of  proxincial  .scoik-  for 
rural  as  well  as  urban  supply  is  apparently  out  of  the  {juestion  at  the  presoni 
date,  there  is  little  <loul)t  that  llie  linking  up  of  thj  major  municipalities,  esix'cially 
those  in  the  vicinity  of  Winnipeg,  will  offer  attracti\e  fe  it, ires  and  fair  returns 
to  tha  investor  at  rates  reasonable  to  the  consumer.  An  ample  sujjply  of  che.ip 
power  to  such  centres  will  result  in  greatly  accelerating  their  industriul  deNeloi)- 
ment,  enabling  them  to  more  fully  grapple  with  tin  problem  of  .supplying  th.- 
West  with  manufactured  products.  P'urthcr  iinestigutioii  in  this  direction  will 
|)robably  show  aitractixe  features  from  a  comm^Tcial  staiid|)oiiit. 

Reference  to  plate  81,  wluTeon  are  shown  the  municipalities  of  population 
over  100,  locate<l  within  a  400-mile  radius  of  the  jjower  centre  of  the  Wiimipeg 
river  in  Manitoba,  indicates  the  future  promise  of  the  tlistrict  as  well  as  the 
extent  of  the  territory  availaljlt  for  market.  The  Winnipeg  river  forms  the  onl\ 
source  of  cheap  hydro-electric  power  available  in  bulk  for  distribution  in  southern 
Manitoba.  It  will  also  be  available  for  distribuiioii  in  e<i>tern  Saskatchew.iii 
as  soon  as  the  market  warrants  its  transmission. 


PrI'.SIINT    SlATlS   OF    Tin:    I'OVVIK    Si  I'lM.V. 

The  present  status  of  the  power  supi)ly  a\aiiable  in  thi'  cit\-  of  Wiiini|K'g  lias 
already  been  referred  to,  but  can  be  briefly  re-state<l. 

The  WinniiK'g  Klectric  Railway  Comi)any's  lu'dro-electric  plant  on  the 
Finawa  channel  (see  chapter  V)  has  an  installed  turbine  capacity  of  .U.OOt) 
horse-power  which  allowing  for  transmission,  is  fully  utilized  for  lighting, 
industrial,  and  traction  purposes  in  Wiimipeg.  This  plant  is  aiigmentetl  !>> 
steam  turbine  plants  in  the  city  with  an  installed  ca|)aciiy  of  22, ()()()  horse-powvT. 

The  city  of  Wiimijx;g  has  constructed  at  Point  tlu  Bois  on  the  Winnipeg 
river  (see  chapter  \'),  a  modern  hydro-electric  plant  with  a  present  turbine 
installation  of  47,000  horse-[)ow<'r.  This  powiT  is  for  use  in  the  cit\',  77  miles 
clistant,  for  lighting  and  indiistri.il  purposes.  Futur;'  eiikirgemi'iii  of  \h\> 
plant,  combined  with  a  system  of  regulation  on  tiie  ri\er,  will  iKTiiiit  of  ,in 
ultimate  development  of  76,800  continuous  24-hour  p  )wer. 

The  Winnipeg  Rixcr  Fower  ("omp.iiu  has  at  present  under  coii>tnirti()ii 
at  the  Du  Bonnet  falls  (see  chapter  \'I  \\v\  .Appendix  Hi  a  |  it  cipahle  of  ,iii 
ultimate  development  with  a  regulated  river,  of  y.^,.S()0  tweiit\ -Inur  liour  horse- 
power, destined  for  the  Winnipeg  m.irket  and  \  icinity. 

A  summar\-  of  the  above  shows  that  .i  tot.il  of  81,000  horsepower  turiiine 
capacitv  is  now  installed  on  the  river,  and  that  the  new  deveiopiiieiil  now  under 
construction,  together  with  the  po.ssible  expansion  of  the  niimii  ip.ii  pi.int, 
guarantees  an  ad<litional  sup|)ly  of  about  1.^0,000  continuous  iiorse-power 
f;iftiT  allovving  for  line  loc^^-^i  which  is  rapidly  bring  p.ro-,  !<!<•<!  to  r.icc!  tb.c 
market  demands. 
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This  leaves  a  total  of  some  220,000  continuous  horse-power  suitable  for 
commercial  use  still  latent  in  the  river  in  Manitoba. 

Otiikr  Usks  for  Winmpkg  Rivi;r  Powkr. 

It  is  clear  from  a  study  of  the  market  conditions  that  if  the  VViniiiix?g  river 
is  to  Ik"  use<l  solely  to  supply  power  for  lighting,  traction,  and  general  industrial 
undertakings,  a  large  reserve  of  power  will  l)e  left  unutilized  for  many  years  to 
come.  The  present  hydro-electric  plants  on  the  river,  with  their  reserve  of 
power,  together  with  the  new  undertaking  now  under  construction,  will  supply 
ample  power  for  the  abo\e  purposes  for  many  years,  not  only  to  the  city  of 
WinniiHg  and  vicinity  but  also  to  such  hydro-electric  distributicm  systems  as  are 
likel.v  to  Ik-  profitably  established,  even  allowing  for  the  anticipated  industrial 
expansion.  It  is  advisable,  tiierefore,  to  look  into  the  prosix;cts  offering  for  the 
imme<liate  profitable  utilization  of  the  unused  power,  since  available  watcr-iiower 
unused  is  a  definite  although  not  generally  appreciated  waste  of  natural  resources. 

The  power  at  present  running  to  waste  on  the  Winnipeg  river  in  Manitoba 
is  ef|ui\alent  to  an  annua!  consumption  of  3,.S00,()00  tons  of  coal  or,  at  S.S  per 
ton,  etpiixalent  to  an  annual  value  of  S17,50(),()()().  In  so  far  as  this  power 
is  not  i)ut  to  profitable  use  in  connection  with  industrial  enterprise,  it  Is  a  definite 
and  distinct  loss  to  thj  economic  and  commercial  life  of  the  province. 

PULl'   .\Nl)    I'APKR    M.\Nff.\(:TlRi:. 

Tlie  Pine  falls  site  possesses  certain  attributes  which  apjH.ir  to  offer 
e.vceptional  opportunities  for  its  use  as  a  pulp  and  paper  manufacturing  site. 
The  entire  river  basin  above  is  availaV)le  as  a  source  for  pulpwcxxl  supplies. 
Water  connection  with  lake  Winnipeg  assures  the  widening  of  this  source  to 
include  pulpwotnl  areas  adjacent  to  lake  Winnipeg  and  its  tributaries.  Rail 
connection  with  Winnipeg  by  way  of  the  Canadian  Northern  is  probably  assured 
within  a  few  years.     At  present  there  is  direct  water  transpiortation  to  the  city. 

On  the  whole,  it  would  seem  that  a  study  of  the  site  with  a  \iew  to  its 
utilization  in  connection  with  pulp  and  paper  manufacture  would  well  repay 
investigation.  Information  with  resix-ct  to  the  site  itself,  and  to  its  development, 
is  now  complete.  Definite  data  with  respect  to  the  sources  from  which  pulpwood 
couhl  be  secured  are  a  n    -essary  complemeiit. 


KI.i;(  TRO    CIII'.MK  AI..    i:'^C.,    INDISTKIICS. 

.\  furihcT  field  for  tlic  profitable  utilization  of  the  WiTiii'peg  river  jiowers 
is  to  be  found  in  the  ^arious  electro-chemical  processes  which  during  recent  years 
have  come  increasingly  to  the  front.  Mr.  J.  R.  Freeman  in  his  report  to  the 
department  oil  the  \\'iiiiii])eg  ri\er  jiowers  touched  on  this  pliase.  The  tollowing 
is  a  selection  from  his  report. — • 

"While  water-power  opportunities  on  the  W.nnipeg  river  may  have 
a  ver>-  few  years  ago  apiHan-d  so  far  beyond  possible  use  that  ordinary 
economies  were  u^necc^sary,  ii  is,  I  buliL■^  e.  iikiiii  to-day  bey.->ri.'i  -erimfc 
question  that  all  of  the  remaining  opportunities  for  power  should  be 
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cart-fully  consiTVi-*!  and  nr'y  (IfveloiH-*!  undi-r  such  conditions  as  will  not 
npccssitatc  any  jfrt-at  wa-  .•  or  flu-  itnp.iirnicnl  of  rrniaiiiinK  npixirtiinitii's. 

"Sundry  ri'niarkaltlt'  I'li'Ctro-clicmiial  processes  ha\e  heen  \ery 
recently  invented,  which  proniist-  to  lie  of  ^reat  future  lienttii  to  ayri- 
ailture  and  other  arts.  I"ertili/er  for  fanners'  use  is  now  heinn  success- 
fulK'  n  ule  i)y  electricity  from  the  niiromii  of  the  air,  .lud  i^real  w.iter- 
powers  in  Norway  are  now  heinn  (le\(lo]RMi  for  these  |>iir|rf>ses  in  addition 
to  those  already  in  use,  and  recent  de\flopnieiils  have  also  liei'ii  made 
of  similar  processes  not  far  from  the  soniheni  hound, irs'  of  ('.•.n,nl.i. 

"Tlu' uri'at  uses  of  hydro-electric  |M>\ver  .It  Niagara  ^dls  and  .it  the 
Sault,  for  niakiuK  aluminum,  carbide  for  ^as  linhtiuK.  l)le...hinK  l>o\\di'rs. 
and  caustic  scnla  and  sundry  other  im|)oiiant  i)rodu<'ls  were  imknown 
only  a  few  years  a^o.  Inde«'d  it  may  he  s.iid  that  ever\-  one  of  the  electro- 
chemical iirocesses  now  located  al  Ni,ij.',tra  f.ills  h,is  lieen  imeiiled  sinci- 
the  first  of  the  lar^e  hydro-electric  iM>wer  stations  w.is  huili  at  lh,ii  point. 
It  is  idle  to  sa>'  that  the  era  of  imixjrt.mt  e.eilro-cheiinc.il  in\iiition  is 
yet  more  than  l)ej;un  and,  with  tiie  man\  able  in\estii;,itors  now  earnestly 
working  on  these  lines  in  man>-  parts  of  the  world,  urc.it  .iddiiion.il 
discoveries  and  commercial  de\elopments  in  the  application  of  ilii.ip 
electric  power  are  almost  sure  to  conu'.  ji.irticularK-  in  mei,illuri;\-  or  the 
reduction  of  on's. 

"The  WinnipC'.^  market  nou'  fully  sup/)!if(I.  The  cii\  of  Winnipeg 
will  soon  ha\e  all  the  jH-wer  that  it  nei'ds  for  public  ser\  ice  corporations 
and  for  an\'  conceixab'"  mamifacturinn  pur|M)ses  likely  to  loc.iti'  in  or 
near  that  city  for  perh.ips  a  sc(ire  of  ye.irs  to  conie. 

".1  possible  field  for  use.  The  best  use  that  I  i>m  foresee  for 
the  vast  water-])owers  now  remaining'  imtouched  u\v)U  the  WinnipeK 
river  is  as  the  basis  for  founding  thri'c  or  four  new  industrial  cities  based 
upon  electro-chemical  industry,  very  much  ;'.s  water  jviwer  was  the 
basis  for  creating  years  ago  the  cities  of  Lowell,  Lawrence.  Maiuhester. 
Holyoke,  Bellows  falls,  and  as  in  recent  \ears  it  ha.s  brought  together 
hundreds  of  new  homes  at  .Niagara  falls,  Shawenegan  f,ills.  ,ind  at  the 
Sault. 

"W'e  c.innol  to  (la\-  say  what  the  line  of  manufacture  may  be,  for 
the  electro-chemical  arts  are  still  in  a  state  of  ferment  and  creation. 
It  has  already  been  demonstrated  that  by  electric  smelting,  steel  for  the 
niatuifacture  of  tools  can  be  made  having  a  quality  and  value  diftuult 
to  obtain  otherwise.  Fertilizer  in  the  form  of  .irtiticial  saltpetri'  is  being 
produced  commercially  in  large  cjuantities  under  (ierni.  ]>rocesses, 
while  carbide,  carborundum,  aluminum,  and  numei.>iis  other  useful 
products  aie  being  made  by  electro-cheniic  ,d  nuans  in  g'e.it  (piantity  at 
Niagara  and  elsewhere,  and  sooner  or  later  the  time  v. ill  come  when 
fertilizer  wi'"  not  be  scorned  by  the  farmers  of  the  Canadian  Northwest. 
There  is  pn-..  >  of  new  metallurgical  processes  for  which  cheap  electricity 
is  a  necessity,  and  the  price  per  ixnnid  of  se\eral  of  these  i)roducts  is 
such  that  the/  could  stand  a  considerable  cost  of  freighting  to  their 
markets,  and  such  that  a  power  capable  of  beii:;r  developed  in  so   vast 
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•luantity  at  <.iu-  |H.int  .iiul  a(  m,  !„«  a  n.M  jht  h..rst.-,Hmir  a.  a|.|..ar. 
|.ra<  ti.al.U.  at  thr.r  of  th.-  >itrH  al..i,K  thf  WinniiKK  rivir.  will  ^un-lv  l.r 
very  aflrartivi-. 

"  riifSi-  nt-u.'  industrifs  must  Inrate  dose  to  the  -water  full,  rticsr  cl,..  1 1„ 
thfniical  pnMvw..s  whi-n  carri...!  ,.n  in  tin-  larK.-  comnunial  wav  .U-mand 
thai  tl..'  uurk  In-  dom- il<>«f  t„  tin-  iM.int  when-  th.-  |K)w,t  i,  ^.m  rated 
for  tw..  riasons:  first,  heraiiM.  alih..iiKi,  ilu-  air-sallin'tn-  pmrrss  „„,i 
altcrnatinK  <urr.nl,  most  ,\rtrn-,!„.mi,al  priHrs^'s  re.,uirc.  the  dire,. 
<'irniii  at  low  v..!iaKe  whirl,  ,ann..f  k-  transmitt.fi  to  great  .listance., 
with  aiiythii.K  like  the  farility  of  alternaf  in<  nirret.l ;  an.!  m.  n„d,  l...  an,e 
in  onl.T  t„  attract  these  ,,r<H-e«Hi.s  it  is  n.  .ssarv  that  the  .n>i  ,Hr  h..rse- 
IK.wer  l.e  the  Very  lowest  an<l  not  ..v.tI..  »|,.d  l,v  the  <ust  of  l„nn  irans- 
mi^si.,n  lines  .,r  the  iKTceniaKe  of  ,„mvr  necessarilv  lost  in  .ii.h  trai.sniis- 
Mon. 

••Wherever  a  new  industrial  (vntre  will,  some  hundre.l  of  h..in.., 
can  l,e  esiahlished  in  the  wilderness  within  a  hundred  miles  of  Winnipeg 
It  will  add  to  WiiniiiHK's  pros|)erity  in  a  decree  but  little  lens  than  it 
Ocaied  within  its  l.ordei...  and  will  add  to  the  prosperitv  of  the  province 
l)y  the  new  opp,  nunities  that  it  hrinKs  for  eniplovment,  the  diversity 
that  a  ad.ls  to  its  Inisiness  interests  and  l,v  the  monev  that  it  will  pm 
into  circulation/' 

With  res,R.ct  to  the  present  status  of  electro-chemical,  electro-meiallurnical 
an.l  electro-sxlerurtjical  industries,  an.l  as  showins  the  room  for  further  progress 
in  the  development  of  the  same  in  Canada,  Mr.  Arthur  Survever,  M.  Can    S<n 
C.h.,  in  a  recent  i.aper  on  the  subject  contributed   to   the  Proceedings  of  the 
I  anadiari  Society  of  Civil  Engineers,  has  compiled  some  very  interesting  data 
In  the  provinces  of  Ontario  and  gueln-c  .mly  7-8  an.l  141  ikt  cent,  res- 
pe.tively,(,f  the  .k-...:)ped  water-iK.wer  is  used  in  electr.i-chemical  an.l  electn- 
n.etallurgical  processes,  the  remaiiuler  being  use.l  for  ,;,.,tiNe  powcT.  tract!.,,, 
an.l  lighting.     In  Manitoba,  Alberta,  and  Saskatchewan  the  entire  developed 
output  IS  utili/e.1  f..r  the  latter  purposes.     On  the  ..ther  hand,  in  France.  Norwav 
ami  Swe.l..n,  the  proportion  .,f  ,H.w<.r  use.l   in   these  processes  is.   respectixeU  ,' 
■*')•  I,  5(l-6,  ,1,1.1  U-i  per  cent  of  the  whole. 

This  com,,arative  disprop.,rtion  between  the  Kur.,|)ean  countries  n.mu.l 
an.l  (  ana.la  m  resp..ct  to  the  use  of  iK)wer  for  these  purposes  is  ,iue  to  the  n.uur.il 
e«.,rts  .,f  a  youi.g  an.l  rapidly  developing  cninlry  to  first  meet  yh,-  most  urgent 
re.,uiremeni.  of  gnmth.  A  stage  has  now  been  reached  in  the  countrv's  .levelop- 
nunt  where  It  IS  a.hisable  to  give  more  aggressive  attention  t.,  the  expansion  of 
the  present  elect r..-chemical  and  similar  un.iertakings,  an.l  U,  the  inception  .,1 
further  development  al..ng  these  lines,  "rhere  will  undoubie.lK-  be  in  the  future 
a  vast  market  for  the  use  of  fertilizers  in  the  western  provinces  an.l  the  .ipplica- 
tion  .,f  the  Winnipeg  ,,owers  in  this  direction  shoul.l  receive  clos,.  investigati.m, 

Further  development  in  this  direction  will  add  largelv  to  the  eeiierai 
prospcnry  of  .he  Donnmon  as  a  whole.  It  is  theref.m-  of  prime  imiK-nance 
that  the  Government  should  c.,-operate  with  prospectixe  inve.,t..r.-  an.l 
endeavour  to  interest  capital  in  the  possibilities  of  our  unclexel<,pe<l  river-  '    On,. 
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f..nn  ..f  >uch  a.s.H,a,u,.  I,...  i„  ,,|...  i„«  In.for,-  nu-.,  ,.| .  ..pi,..l.  s...  1,  .|...i,.i„.  .,„.l  .-n.,.  , 
.nf.,rn,a„..n  alH„„  „..r  um,Ua,.1..,k..I    ua,..r.,,.,«.rs    a,    «ill    ..,,..1.1..    ,h..„,     ,.. 
arcurat.ly  ^aun,-  .  u-  ,H.w..r  prncrahlv  an.l  tlu-  o.M  of  .k-  d„,,i„jj  ,|„.  ,„„, 
It  H  tlu.  ..l.j... ,  ..I  ,h,s  rt-port  tn  fully  M.ppK  tl.i.s  info,  ,„,„;.„,  ,|,.,„ \Vi.,„i,„., 


rn  r.v,.-win«  tl„.  i.,.,„.ral  pn-s,.,,,  „,,,rk,t  Mt„ati..n  i„  Manii,,!,,,  uiil,  ,1„. 
pms,H.,,sof  I..U,r..,.„larK.nu..,.  ,,...!  of  ,„  w  i.uluMrial  oppor.ui.i.  v,  ih.  r..,,,,..., 
of  tlH.  \\,„n,|K-K  uM-v  ,lo  „o,  appear  KM-au-r  than  i,  ,„.,-,..sarv  tu  ...Mir,.  il,,- 
n.ntuim.l  pro«r...s  of  ,1„.  proNi.uv.  Mark.-l  for  th,.  uhol..  ^.n^\•r  o,„p„,  of  ,(„. 
nv..r,sa>suro,l  uhn,  it  ra„  I-,-  pr,Hl„.v,! ...  r..as,.,al,lv  a.  i,  .|,ou„  i„  ,1,,.  ..>,!,„..„,, 
Ill  (  h.ipur  \  I. 

It  is  thmlorc-  of  tlu>  hiKJust  ini,H,rlaiuv  tl,..t  th..  r..M,„r,,-  of  ,h,.  riv.r  l.r 
ron.H^.rvt.,1  to  tlu-  utmost  In  .an.ful  ouTsi^;!,,  .....l  l.v  ,,„.r„,i..  .,„„rol,  Im^.I 
on  ,l..hnit,.  k„owU.,ln,.  of  th..  .itualio,,.  Su.  h  roulrol,  I,..m>I  o„  .Iu-  ,.x„.,„iv.. 
...v..st,Kat„ms  „l„,h  hav.-  I,,.-,,  suutniari/.-i  lu-  i„,  ...„  „ou  U^  .^mt.  is,.,|  through 
III.'  iJoniiiiioii  W.ii.r  I'ow.r  Hr.iii.li. 
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CHAI'TKR  IX. 

INTERNATIONAL  WATERWAYS    REFERENCES. 

A   (oiisi(liral)lc   portion   of  tin-   Ui..„;,> 
l"-r.krs    of    ,h,    r„ie,l    States       tL''  -^•■'•;-'t..r>lu..|   Ik.  uithi,,   tin- 

<'f  1-ser  lakes  an.l  contH,.    „ '  XV:  T    1  "'  V^'-''"^'-''  ^"'-'K  ■'    -rio. 

Kcle  river.  Kainv  lak-^nvrivV  ,"''''"'''"'  """"«''  '^'^"  •^•"""'<-'. 
western  cxtren.itv  of  the  \or  hwes,  inn"  ""':  '"''''  "^  ^'"'  ^^"-'^  '"  "'<■ 
f  tho  ituersc-ction  of  ,1,,  V)^  „,r  .„,  ,  .'f', .''";"  '^  "•"'^'  '''  '""«  <'■'■'■'■'!>•  -."th 
"-^'■'•■•a'  <l'arae,er,  „nes,io „s         i     ,      ,    T       r     "  '■""-"—"  «"■  'i-'^  i"..r- 

'•■>-*-sts  on  l.o,h  si,les  of  tlu   hor!;:;  '"■'"•■  ''•'"■^'  '"  •■"""''■•   "'•"'  --'i'"^' 

iH.in^;;:;;;:;:^;;:'r  -;-;;;'- ..risen  i,,  .,.e  ...t  a.,.,  ,.ave  U.e„  an.,  are  stiH 

I"  i-^-M.  f..ii.nvi.r r :  l::;;:'r';'"^^''''7"'-' f-< '-purpose. 

Britain  an.l  the  Cnit.  I  St  ues  ''   """  ''^'"■■-.•ntatives  of  (Ireat 

"'t-  rn>te.l  Slates  n.a.le  up  the  .-on,,,,;  ,  ''  """'•"■  '"""''^•'-  from 

"ill'  the  Minh   Lake  .live  .i,         '  ''  :""''  """"'«  ""'^''-  <l"^'^'i""H.  <lealt 

possihilities  of  the  hasin  •      ""'^"""  '"  '"■■"'•"'•"■  ""'-est  ,.,  tin-  storaj 

The  International  W  Item  ,,     f 

••'-•'■otinKitsinvestiKa  ri;  1;:'""T'  ^^"^'--''"-nK  with  a  vi...  t.. 

'■■"".  was  supers.le,!  I,y  the   C       t  T'    "T"""^  '""""^'''^  "''  ""'^  '"— '-a- 

was  ctvatcl  l,v  viru.e  o^     i.e t^"' '""      "';'";'  '""'"--"■•     ''■'-  ..'".".ission 

Majestyan.|.|H.,ni t.    St   ,.s'       ;  "";:'""^-  '"•^--  "-  '^ri-anni. 

•"ter.tati..nal  Uat..rwavs  O  ,  n   :'       ''  h:'"-'      /  '""      ^'^  '"  '"'^  -^"  "^  "'^■ 

n-ee  c.,n,n,issi..ners   fro„.   (  a  ^^      JrV'''''^ '  '7""^'''''"  '""--  "^ 

'onninssionors  w,.re  appoint.-.l  i  ,    .)1  "'      "'    '"'"'*'   ^'^"^•^-     ''l"' 

to  "'e  Winnipeg  river  s,",!V'  "^''  T'  ""-'"-  "f  P-ticular  „.on„.„, 

-f  -ater  fro.n  Shoal  1  [^(r"';  ""u" '"""•'■''•"'*"■•  '''■■'  ^''->i-Tsion 

lake  of  ,|H.  U-o.Kis  referenc"     Th.'     T  """"'''  ^^'•"^■^   '"■^'"'•^   •""'    "- 

f-ake.liversion,  are  reviewed  hen. IIkL      "  """"*""'  "'^'''''■'  ^^"''  "'''  '^-'•'' 

'5ii<.ii   Laki;   I)ivi;rsi,)n. 
The  Miniiesoia  Can.il  m.l   |>,,,,,.,-  ,• 
"-  -aws  of   Minnesota,   apph! ..!  i: u.eTur^'  ''  ''•'^''''^•''''■''  '"■•^•'- '"••■ 
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The  phvsical  condiuuns  in  th.  l;-^;;/,^  :;is'a!;.n.ake.  in  the  state  «f 

24niili^'^-     I  a>  ll'>^  ,  ii„.  rinestone  laU>  to  n-'^      ,  ^-     .    .      The  waters 

Within  J  ,."!>■"  ..<  O-  «•■"'"'. '"  '  1     ;„,  flo«nE  »...>.«c-.aTly  <hr..uBh 

The  ceneral  work,  proposed  to  uirr  ^  ^,,^.  ,vater  ui  the  lakes 

1  ne  m"<-  Gabbro  lake  to    uiii»'  i  ..,i«>llo  reservoir, 

a  clam  at  the  n.outh  o    th    (a)  ^^^  ^^^^^^^,^^  ^^^  ,,,,  Isabc  e    e 

tributary  thereto  an<Mor"    vl.'^.;^  .  ^^  ^^^„„,,  ,,,,       Uers  -  ^    ^^^  ^^^j 

streams  tnl)Utar>   I  c,M,ih  Kawishiwi  river,  wnieu.  i  ,,  ,i.<m  in  the 


„cct  c,.,„r..lli..«  ."fks  a,  "'•  ^_:';_,„„„^,,,  ,„  ,„,.  an...l,cr_.-a.,al  J..;.« -^j^^^^.  ^^^ 


river  canal  to  the  power  house 

the  St  Louis  bay.  ,.^.  drainage  basin  has  \>cen 

""'  •  "  -"r    S    . .  ^n,,i.  ol  ..-i"l!  ■*"''""         rioa.1  availu*  <or 
r^-^r:Lni,.L.  .V»ja.c  »,  »«  .a-  --   «„  .„„„,«.  ,.o. 

power  purposes.     It  v\as  1 
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the  Hirch  Lako  <lrain.it;e  basin  an.l  t..  utili/o  llio  .a.no  lor  the  .levcl„i.nunt  ut 
about  -?(),0()0  fliTtrical  horse- powor  in  Duliilli. 

Many  interests,  i.oth  in  the  Inited  Slates  an.l  (  ana.la.  w.t,.  alte.t..,!  i.v 
this  ,,rop..se<l  witiulrawal  of  the  water  fniin  its  n.iliiral  -hannels.  1  lu'se  intereMs 
were  varie.l  in  .  hara.ter,  the  iii.,re  iniportam  havinji  to  ,|o  with  naviKation 
power,  an.!  hunl.ennK.  Sexeral  eomnur.ial  eorpor.nions  in  both  .-ountries 
protest,..!  v.K..r.nisly  a^aii  si  the  scheme.  I  lu-  l)..mini.Mi  Waler  Power  Uraiu  h 
IS  i.artl<iilarly  intereste.l  in  the  p.^u.r  ,„,.!  Mora.u.-  si.l..  .,|  the  .|ueslion  an.l  the 
Keneral  ettects  of  the  .livei^ion  .,n  ih.-  sanu-.  A  sh..rt  statenienl  .,f  th,>e  effeet. 
IS  appended. 

Alter  reaehinK  tiu^  intemali.mal  bnunda.y  an.l    Naniakan   lake,   llie  w.iler 
troni  the  Hir.h   Lake  .lrain.ij;e  basin,  in  its  naliir.il  e.nirs..,  .In.ps  thr.Mi.uh  411) 
feet  iKlore  reaehiiiK  I-ake  Winnipeg.  .?4.S  f,rl  of  whieh  are  cipable  .,f  s,„,-essful 
-■'-inn.er.ial    development.     Of    thj.    i  ,tal,    144    f.-.t    ar..   ..Ir.M.lv    h.irn.-.M.d    in 
n<lr.,a-le,tnr  an.l  ^encTal  .-..mmer.  i.il  un.lertakinKs  at    l-.-rt    IV.in.v..   Kenora 
I  "int  dn  H.MS,  and  in  t    <■  Pinaw.i  .  h,nm.-l,  while  ,i  furllur  luM.l  of  5(,  feel  is  at 
I)resenl  Inin^'  h.irnesse.l  at  the  Du    Honnet    falls.      IIr.  iMlan.e,  14,S  foet.  .an  be 
su.essfully  inilize.l  as  s.,.,n  a>  ih..  m,uk..|   .lemand>.     Of  iIr.    full    MH  feet  of 
•  l.-liendable  drop.  .^1)  h;A  af  in  ini.rn,uioM,.l  w.it.r.  at  ih-  ..ullel  of  Kainv  lake 
.>1S  feet  are  wh.)lly  within  Can.i.li.m  t.rrilurv.  an.l  24.S  |\..i   \vh..llv  within  the 
provinoal   b.nin.lary   .,f   Manitob...      Ii    x^iH    1,,.   r.a.lilv    tin.hrslo.,d,    therefore 
that  the  p.nver  inlerests  affe.te.l  b>  the  u  ith.ln.w.il  of  f,l)l)  >ero„d-f,.,.t  eontinu..us 
flow  fr.)m  us  natural  .hannel  of  .lis.har^e  are  of  v.-rv  t;r....t   ma«nitii,le.     TIr. 
argument  might  b,-  cariie.l  a  step  further  and  the  drop  fr.Mii  Lake  WinnipeK  t<; 
Huds,m  ba>    by  way    ol    the   Nels.m    river  .•.msi.UTe.l.      Ihis  am.nmts  u,   710 
teet  in  all,  the  Kre.Uer  part  of  wlii.li  can  lie  rea.lily  c..ncentr.iti-.l. 

Consi.lering  th.-  Winnipeg  river  system  alone.  600  ciibi.-  fe.'t  per  scc.n.l 
with  a  concentr.ifd  <lr.,p  of  US  feet  means  .,  permanent  witli.lrawal  <,f  1«).000 
horse-powiT. 

It  has  been  claim..l  th.it  .,nly  th..  minimum  ..r  l..w-w..!,r  .lis.harg..  .,f  th. 
la.rh  Lake  dramage  sh.)ul.l  !,.■  .■onsi.l..r..d  in  c.nnecti,  n  with  the  jK.wers  farth.r 
d.mn  the  river,  sin.e  .luring  the  b.il.m.e  .,f  the  vear  th.Te  is  ..  gre  it  surplus  ..( 
«.il.Tin  the  reinaiml.-r  of  the  ba>in  which  w.nild  m.,n.  th.in  >uppK  th..  am.nint 
w.th.lrawn.  With  this  viewp.,int.  c.,nsid..ring  th.-  220  fc't  minimum  tl,.w 
c  aimed  by  the  .-..mp.uu '>  ei,gine..rs.  the  .U8-f...,t  Ir..i.I  means  ,,  permanent  l..s< 
ol   /.OOO  horse-, ).)wer  to  the  Winnipeg  river  system. 

'ihe    fallacy    of     this    reas.miiig    is    evi.lent    when    il     is     .  ..nsi.lere.l     th.it 
unless  r.f.rage  ..r  auxiliar>  power  is  secured,  the  low-How  perio.l  .,f  th..  y..ar  is  the 
im.isure  .,t  a  power  pl.uu's  capa.ity.     \\  he„.  as  is  the  ...se  .,f  th..  pk.'nts  .,f  the 
Ontario  and   Minnes.,ta   IWer  Co,:  pany  at  Fort   Kraiuvs  an.l   Infrnation,.! 
alls,  the  full  mimm.mi  ll.nv   .levelopment  has   long  been  passe.I,  an.l  provisi..n 
lor  e.xtensive  sp.rage  w.,rks  i.,  dualize  the  run-..ff  is  necessarv.  it   b......nu.s  ., 

matter  ..f  immediate  cmcern,  should  any  porti.m  of  the  natural  l.nv-water 
rim-.,tf  be  by  any  moans  shut  off  or  diverted.  E\en  if  it  were  i.ractieallv  feasible 
m  the  ..perati.m  of  the  pr.)ject  after  c.mstruction  t.)  discharge  the  natural  l..w- 
1  i.nv  run-.)ff  from  the  Birch  Lake  drainage  <iown  its  iiatur.il  ,  hannel,  .livening 
the  -.irpliis  only,  a  suggested  soiuti.,ii,  the  general  aspect  ..1  the  .uiesti.^n  would 
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r;r^cte.l  a,.l  other  ---^^  ^"^  ,   S'^  Ihe  basin  UscH  in  the  interes. 

'  •  ;  Merenrc  to  the  <hscussunt  ""  ^^  "'^  ^,^^.  (^,i,,,,  ...u.U  .he  natnral 
,viU  ;.nphasi.e  the  ,tec.ss.ty  o(  '--:;-^.  ,,,,  ,,e  .hver^i-.n  4tu-s„on  . 
:.n-o«inhe  Rainy  Lakebas.n.     l^^sj  -  ^^^^^  ^^^.^^  ^^.,,,,,,        ,,  W 

ficed  the  broad  (act  remanis     hat  the  ^yinnipeg   Nvatershed    <  t    Uk 

"t    irawal   from    the    run-o  1    resour  ^^    .^     ,^,  ,,,„„,,  all  o,  whuh  .. 

"  uivalent  of  a  uniform  ''-^'^'^'Z^^^r  resources  as  o.n.enM.la.ed 
reared  in  the  deveU.pment  of  Its  uatrP  ^^^^.^^    ^^^^^^   „umuM>ahtu> 

'  Z  a  result  of  the  vigorous  1-.'^-  ^  '  ^^  „,,,,■„,„.,  the  North  Kastern 
i^tet^tcd  in  the  c.uestlon.  ant..ng  ^^^^^^^^  Contpatn  ,  the  ICjUerpnse 
Minnesota  Power  C-ompany,  the  ^^;  \  '^ /-^  ^,,,,,,  Ute  Rain>  Hiver  hnpn  — 
in  md  Land  fon.pany,  .he  town  of  1  '       ' ;,       ,^  (-...npany.  the  Ramy  R.v^.r 

:;:;c-ompany,  the  ^^^^^^^^^^  ^>-  p-'^^^  ''^^  ^•^;:;;:: 

V-.viLrUion  Company,  and  .Ik   l  >.>   ".  ,v.iteruavs  C.MunnsMon  vvhiUi,  on 

^:^ui^  inquired  into  by  the  l"--)^;':!''::   o^^.rnments  reeon.n.ndm^ 
NL,ni.er  15,  1006,  r.ulen.d  ^-j;;' ^       Version  applied  for  '  .  not  .ranted 

-:;^:^^^^^^-  -- -"^1 . ........ ..s 

T   .    d-ove  reeonnnendation  was  appa  entl>  sm  ^^   .^    ^,,,,,,^■.r. 

,.,,^  t  Ui;  t:.wards  the  actual  ^^-^^J^    ^Jlied  and  that  it  is  still 

is.oo.l  that  the  schenu.  has  no    be  v  ^^^    ^^.^^^^  ^^^^  , 

-'-  -  '-  ^:;::  C;:.:::^:  ald^;"  ^Lrest^adversCv  a.ec.ed  should  be 

::;;:^:;r:;uv:";utei..M.or.a..ceofthe.p.est..^ 

XV.^KK  S,  .....v  ...K  ( .R..vr..K  VN  ^^^^  ^^^^^^  ^^  ,,...u,at.on 

The  citv  of  WhmipeK  has,  <lt.ring  recent  n ea  s       .  ^^^^^^^   ^^  .,^^._^^ 

■   „  The  uuc^tion  of  a  suitable  source  "f  water  supply  ^^.^^^  ,,,„oin.ed 

C>    Con.nissi..n,'^.nderchairman^pc>f        .  J       .^       ^^^^  „,  ,He 

under  authority  of  a  special  Act  l^-^'^^  ^•>^;;^^  ^,,,,Uable  sotnces  of  supply- 
of  investigatmg  and  reporting  on  the  best  .  ^^^^^^^^^        ^,^^. 

™i„«Tins  an.l  .«1"<" ;''  "*:*  '":  "Xcl  co„*tm«  of  J ^  H   Hun.,.  C  t 
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trilmlary  to  the  lake  of  llic  Woods:  tlie  Winiiipci;  river,  and  tlif  Red  river.  Atior 
a  car  ful  study  of  the  diffiroiit  proposals  and  full  ronsidiTaiioii  of  all  aspei  i>. 
and  more  particular!)-  of  t\u-  then  tinancial  positir)n  of  the  cit)-  in  relation  to 
both  the  water  siip])ly  undertaking;  .ind  to  the  nuniicip.d  power  projxisals  then 
taking  form,  the  hoard  re|)orte<l  in  favour  of  the  Wiiniipe^'  riviT  as  the  most 
suilahle  source  of  supi)I\  ,  the  water  to  he  taken  from  a  point  just  aho\e  the 
Seven  Sisters  rapids. 

'l"he  rtconnnendations  of  the  hoard  were  not  aeted  upon  at  the  tinu'.  the 
(ity  heing  tulh'  occupied  in  the  mmiicipal  h\(lro-electric  undertaking;  at  l'(»int 
du  Hois,  and  the  mailer  lay  dormant  until  the  year  I'M,?,  when  tin-  (ire.iler 
Winnipeg  Water  District  composed  of  the  cities  of  Wimiipeg,  St.  lioniface, 
'rnmscoiia,  Assiniiioia,  Fort  ("■.irry,  St.  \'ital,  .md  Kildon.ni  was  constituted  a 
cor])oration,  and  the  (juestion  was  aj;ain  hrou^;hl  imder  consideration.  .\ 
new  hoard  of  ((insulting  engineers,  consisting  of  J.  II.  Fuertes,  C.E.;  K.  Ilering. 
CM-;.,  of  New  York;  and  F.  V.  Stearns,  '.'.E.,  of  Boston,  had  charge  of  the 
investigation.  This  hoard,  in  view  of  the  salisf,utory  completion  of  the 
municiijal  power  i)lant,  and  the  conse(iuenl  improxed  financial  position  of  the 
cil\  in  respect  to  a  large  ex|)en(liture  such  as  would  he  iiuolved  in  securing  a 
suilahle  water  supph  ,  in.ide  a  more  detailed  study  of  the  Shoal  Lake  proposition. 

As  a  result  of,  and  based  on,  the  fuller  data  secured  in  this  investigati(<n, 
Shoal  lake  was  recommended  as  offering  the  most  satisfactory  source  of  sujjply  for 
the  city,  and  active  slcjis  were  taken  towards  getting  the  project  under  way. 

Since  Shoal  lake  is  pra(  tically  an  arm  of  the  lake  of  the  Woods,  receiving 
water  from  and  discharging  water  into  that  lake  as  the  surface  level  varies,  it 
was  considered  ;t  hoimdary  water  and,  c()nse(iuently,  c.une  under  the  jurisdiction 
of  the  International  Jo'nt  Commission,  in  so  far  as  aiu-  intc-ference  with  its 
natural  discharge  con.'  ions  might  he  contemplated,  it  was  necessary,  there- 
fore, that  the  cil\-  shou'(i  secure  the  formal  assent  (  f  the  Joint  Commission 
prior  to  commencing  active  construction  work,  in  order  that  the  project  might 
be  inaugurr^'l  on  a  strictly  legal  basis. 

A  torn.  'ctition  was  accordingly  made  rcfpiesting  that  the  ci^mmis.sioii 
confirm  the  pe  aoners"  right  to  take  the  water  of  Shoal  lake  and  the  lake  of  the 
Woods  for  the  pur[)ose  of  a  domestic  suppK-. 

The  a(iue(lu(-t  prop<ised  pro\  ided  for  a  capacitv  of  8,S.()()(),()00  imperiaP 
gallons  per  day.  which,  on  a  basis  of  100  gallons  jxt  iniiabitant,  allowed  for  a 
Iiopulation  of  850,000  peo[)le. 

The  Dominion  Water  Power  Branch  was  interested  in  tiie  ai)piication  ot 
the  city  in  two  respects:  first,  in  the  i|uaiitity  of  water  withdrawn  from  the 
Shoaliake.  and  consequently  from  the  powf rs  of  the  Winnipeg  ri\er  in  Manito!);;; 
and  second,  in  the  efTcct  of  the  same  on  the  levels  of  the  lake  of  ihi  Woods. 

In  so  f.ir  as  the  quantity  of  water  withdrawn  was  concerned,  little  ohl.  (  -ion 
could  1h'  raistxl.  since  domestic  water  supply  must,  at  all  times,  recei\i  first 
consideration  in  the  disposal  and  utilization  of  river  run-off.  Again,  the  (piantitv 
of  water  (etjuivalent  to  157  cubic  feet  per  second)  was  not  e.xcessive.  The  effect 
of  the  withdrawal  upon  the  surface  level  of  the  lake  was,  however,  of  more 
iiiiporlance  to  the  |)ower  interests  umJer  the  jurisdicti(jn  of  the  Dominion  Water 
Power  Branch.    One  hundred  and  fift\-seven  cubic  feet  per  second  for  one  \ear  is 
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,,uivaU.n.  ,->  a  .1.,  h  -i  t  42  in.h  on  ^-  ^^'  ^,^,  \,  ,„,  ,,,..  .up,>lv  .itl>- 
Z.  as  nUwtraliv.  o(  the  -"M-^'-  ,^^  ^  ',,  ,„,  i„„,u-.lia,.  o..vn,  to 
dra.alu,K,ntho.toraK.q--2'-    -  ,^,   ,„,   ,„,,.„,.   Uu-r.  has  ...n 

,ho  MU-ti..n  <.f   n.Kulat...n   «-;  ^J;^;';^ ;^,„/,,    „k-  lak.  ...uU.-   amounun,  to 

for  an.\  against  wore  consiaoro.!.  ^        ^^,^  ,^,f„^,,  ,,,,  n.innu.M-.n 

;'■'■'■ ''"•■\:;;;;r.!^T'■;■:;:::..".'■■^v .ko.„. .■• .-">■ «'■ 

in  what  \va>  known  as 

hcmin.ler.  ,       •    .  „,■  .„,  in.nu.hatr  granting  ot  tin-  apph- 

In  vUnv  o(  the  inipottancc  to  tht      t     o  ,,^,^.^,    ^„„,  „,  ,,„•  co,,- 

,J:,n  onWr  that  constrn.tion  --';  J,'  Hl^u-nu-nt  o,  th.  l.aW.  of  the 

,e.,t.ont  ina.lvisahihtv  '".— '^      ,,^    f^  „  Uu-  nuuncipal  authorhu.  hv  ,  u- 
Woods  Rofm-n.o,  ^^»'>-"^V""  ;  '     \  ,  . L  lor  an  in,nu..ha.c.  sHtknu.nt  ot  th. 

cHvrM.-.ntati.vsat  th^h...^^^  ,.,„  ..  tho  low    Hn,u   o.   k^k. 

question   ami   nsk   a   y  ■ 

rc.gnk>tu,n  for  power  purpose.  ■  ,„^  „,,,,,,  the  eo.nmisMon  approved 

:,^::::^:^'^^-'^r^^  > - 

^^'.:^.r  ,r^ '^  -  ,t;:jrw* .:tr";-f 

purposes    by    >1H-    inhal.uan  s  u  ^^.^,,,^^^^,,  ,,1,^,,.,   „    the 

Irict,  praye<l   for  tn  the  .ud  ;'  M    -'  >^^  .  ,  ^„^.„,i,  ,,,.1,,  above 

^,„,,,i.ions  eontained  ,n  l'^"  ^^-'^^  '  ;^.  ,,,,,,  ,,  p,  be  diverted  Innn 
roeited.  A.ul  pro^i.le.  .  '-"-'■•  '^^^  ^^^^  ,„.  „.„  u.e<l  for  other  than 
Shoal  k.ke  and  fron,  the   bke   -.       u  ^^^^^,  ,,,r„nss.on 

.,„„,es,ie  and  .anitary  purposes   th.Pth,  ..  ^^^^^.    ,,         . 

.hall  b.  ".-  -ay  i.n^-rb-  -'1\;\\' ",,,,,,,,,  .,  onupensation  for 
,,erson.  corporation,  or  '— '-'  ^^^/  ,,,,,  diversion  permitted  and 
Lnv  injuries  due  in  whole  or  .n      a n    to    t         ^^^^^_^  ^^^^^  ^^.^^^^^^^ 

,,„„.ved  of,  and  that  ^'-'"'f '  ^„  ^:,"„,uion  gallons  per  <lav.  Ami 
uo^•er  at   anv    tiu,e  exceed  "^  '^  ^'^  ;^,i,,,,„  ,„a  order   shall   not   be 

;:;:rrr"t':;.fzr:r::;;> ».>-.— « 

„  „i„  „„  noH..l  .Lay.  •«  Jl^^t  ;!.cir     ™,  prci.licM  ,h..r*y.     OOur 

r*»;;;K- -.ri^n,.  -t'''\T':;:;:;c;;ai'v  :*c.i »»,  .„x.,»,c„  man. 
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rivor  ill  llic  (iiK-stion  of  jxfwcr  rcniilatiuii  in  ilic  lake  of  the  W  uixl-,  .iiui  must 
tluTcfori'  givr  a  synipatlutic  coiisidoraildii  to  ilu-  tixiin;  ot  the  lower  rcyul.ition 
limit  at  siiili  an  ilcvation  as  will  tn>mv  maxiimim  iitili/alinn  of  ihc  full  power 
available  at  Point  du  Mois.  Should  this  low  limit  iutirfcrc  with  the  discharnc  of 
85,()()(),t)(l()  ualloiis  per  (lav  through  liu-  w.ilcr  suppK-  iiilakf  diiriiii;  liiiu-of  low- 
water  on  the  lake,  it  mu^I  Ik-  rcnuinlKTed  tiial  sucli  |Mriods  will  onl\  he  of 
very  rare  o( curfiicc,  po>-.il)ly  once  e\er\  two  or  three  years,  and  then  lor  oid> 
a  inoiilh  or  so  at  a  time,  To  meet  such  a  continyencx-,  a  [Himpini;  plant  to 
raise  the  water  the  one  or  two  iVt-t  ne(»>sar\  could  he  cheaply  pro\ide<l. 

l.lAlls  ()[■    iili     I.AKi    oi     111!    Wodiis. 

H\'  far  the  mo-it  important  reference  placed  liefore  the  Intern, ilional  joint 
("oiamissioii  to  date,  in  so  f.ir  as  the  power  siiu.nidn  („i  the  Winnipeg  ri\(r  i^ 
affected,  is  that  having  to  do  with  the  le\cl-  of  the  Like  of  the  \Vood>.  Tjie 
reference  was  jointly  suhniitled  (o  the  comnii>sioii  1)\  the  ( ".oxernmeni-.  of 
Canada  and  tlu-  I  lu'lt-d  States,  for  e\amiii,tlion  .niil  report,  with  >iich  cniichi-ions 
atid  reconunenilalicns  as  miiihl  M'cm  .ippropri.iie.  It  con-.i>t^  of  the  following 
(lueslioiis: 

ll)  In  ordiT  to  secure  tlie  mo-.t  ad\  aiUageous  lim'  of  tiie  w.ilers 
ol  the  lake  of  the  Wood--  and  of  the  w.iter>  llowing  into  and  from  that 
lake  ()•.  each  >ide  ol  the  homulary  for  domestic  and  sanitarv  purposes,  for 
navigation  and  tr,tii>porl.ition  piirpose>,  .uid  for  (i-hing  piirpo>es.  .ind  for 
I)owt>-  and  irrig.ilion  purposes,  and  also  in  order  to  M(uri'  the  most 
adv.mtageous  u>e  of  the  >l)ores  .ind  hiirhours  of  the  Like  and  of  the  waters 
llowing  into  and  from  the  Like,  is  it  practicable  and  doirable  to  maintain 
the  surface  of  the  lake  during  the  difleri'nt  seasons  of  the  >ear  at  a  certain 
stated  le\cl;   and  if  so,  at  what  le\il.-' 

(2j  II  a  certain  .stale<l  le\el  is  recommended  in  ,iiiswer  to  c|Ucstion 
Xo.  1,  and  if  such  level  is  higher  than  the  normal  or  n.itural  level  of  the 
lake,  to  what  extent,  if  at  all,  would  the  lake,  when  maintained  at  >iicli 
level,  overflow  the  lowlatids  upon  its  southern  border,  or  elsewhere  on  it- 
border,  atid  what  is  the  \.ilue  of  the  land>  w  liich  would  be  submerged' 

{A)   In  what  way  or  manner,  including  the  ((instruction  and  ojura- 
tions  of  dams  or  other  works  ,it  the  outlet.-,  and  inlets  of  the  lake  or  in 
the  waters  which  are  directly  or  indircclK  tributary  to  the  lake,  or  other- 
wise, is  it  possible  and  advisable  to  regulate  the  volume,  ii>e,  .ind  oultlow 
of  the  waters  of  the  Like  so  as  to  maintain  the  level  recommended   in 
answer  to  (]Uestion  Xo.   1,  and  b\    what  means  or  .irr.ingement  v. in  the 
proper  construction  and  o[)eration  of  regulating  works,  or  a  s\>l(ni  or 
method  of  regulation,  be  best  secured  and  maintained  in  order  to  en--mc 
the  a(Ie(|uate  protection  and  develoiMiienl  of  all  the  interests  inxolved  o,i 
both  sides  of  the  boundary,  with  the  lea>t  possibh'  damage  to  all  rights 
and  interests,  both  public  and  private,  which  may  be  affected  by  main- 
taining the  proposed  lc\el? 
This  reference  is  still  before  the  commission,  and   ((in>i(ler.ible   progros 
ha.s  been  made  to  date.     Hearings  have  been  held  at   Iniernalional  1  .ills  and 
Warroad,  in   Minnesota,   and  at   Kenora,   in  Ontario,   and  were  , it  tended   b\ 
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i('pri'si'iitati\i's  <if  tlu;  Doininioii  of  Canada,  tin-  slatf  nl'  Minnesota,  I  lie  provinri's 
of  Ontario  and  Manilolia,  tlu'  cilics  or  towns  of  I'drt  Fr.int'cs,  International 
Falls,  Warroad,  Kenora,  and  WinniiK'n.  local  ho.irds  of  trade,  .ind  v.irious 
nasigation,  luinberiD^.  power,  lisliinn,  a>;ri<'uitural,  and  other  interests,  '{■he 
|)riiu'ipal  intiTes's  concerned  in  the  ipieslions  at  issue  were  those  coniu'cled 
with  power  .tnd  niaTUif.K'tiirinK',  navigation,  auriciiliiire,  and  lisliinji.  'l"he 
reference  has  a  \ilal  lie, iriii^;  on  tiie  successful  carrying  out  of  a  |)olic\  of  |)owit 
conservation  in  the  w.Uerslu-d. 

The  Dominion  Water  I'owir  liranch  has  taken  a  very  active  interest  in  the 
entire  (iiiestion  of  the  hike  of  the  WcmmIs  rejjulation.  '{'he  power  resources 
of  the  Winnipeg  river  in  Manitoi)a,  which  come  under  the  jurisdiction  of  the 
Dominion  W'.iler  Power  Branch,  are  of  ^;re.it  niaKnituile;  the  investiijation  into 
these  resources  h;' ^  i»en  most  extensivi  and  compli'te,  wliile  the  metijod  of 
administration  which  isbeinn  adopted  is  far-reaching;  and  involves  thi' principles 
of  fullest  conservation  of  the  power  resources.  It  was  an  essenti.d  si'tpiel  to 
the  power  studies  that  the  unexcelled  storage  possibilities  of  the  lake  of  tin- 
Woods  shoul'.l  receive  careful  consideration. 

At  the  commencement  of  the  Wiimipeg  river  power  and  storage  surveys, 
■  storage  op[)ortunities  of  the  lake  of  the  Wf>ods  were  recogni/ed  as  an  out- 
ling  feature  of  the  watershed,  and  as  one  of  the  exceptional  advantages 
which  it  iK)ssesscd  in  the  interests  of  .i  comprehensiv  ■  power  system  such  as  was 
conteiniilated.  Steps  were  at  once  taken  to  g.uher  all  possible  data  relative 
to  the  past  surface  levels  of  the  lake,  to  the  dis(  harges  from  the  lake  through 
the  various  outlets,  to  the  history  and  general  utilization  of  the  outlets,  to  the 
artificial  structures  in  the  v^ay  ot  dams,  bridges,  mills,  and  power  stations  which 
have  been  built  at  the  outlets  and,  in  short,  to  secure  all  existing  information 
which  might  have  influenced  the  lake  levels  in  the  past  and  have  a  bearing 
on  the  future  systematic  regulation.  In  addition  to  the  securing  of  past  records, 
active  steps  were  at  once  takiMi  to  establish  metering  stations  at  the  outlets 
and  to  s"cure  an  accurate  record  of  the  daily  discharge,  as  well  as  to  maintain 
careful  gauge  readings  of  the  lake  surface  level  and  of  all  \  ital  head-  and  lailwater 
elevations. 

The  securing  ol  tiie  aliove  data  became  increasingly  necessary  as  a  resi'lt 
of  the  contlict  of  interests  which  has  arisen  ovir  tlii'  (|ii(stion  of  surface  regulation, 
and  while  the  full  compilation  of  the  material  is  not  vet  completed,  nor  a  hn.il 
study  possible,  sufficient  has  been  gatheri'd  to  fullv  est<il)lish  the  necessity 
for  a  measure  of  regulatio'i  on  the  lake  if  the  full  power  resources  of  the  river 
below  are  to  be  realized. 

The  discussion  on  storage  has  already  pointed  out  the  necessitv  of  a  verv 
substantial  regulation  in  the  lake  for  the  proper  control  of  the  run-o(T  of  the 
basin.  It  is  advisable  at  this  stage  to  summarize  the  more  imi)ortant  results 
which  will  arise  from  adequate  regulation  and  non-regulation  resi)ectively. 
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Hi'fiiri'  I'X.imiiiiiiK  into  the  (|ut>tiiiii  .■!  riKul.iliim  lur  |).)\vtr  |pui|.i.-i-  in  ilir 
I.aki-  of  till-  Woods,  it  is  of  inicrfst  lo  look  an.iiii  inio  tin-  p.i^i  surfacclcMl 
ri'iorils,  since  tin-  condition^  sliowri  hy  llicin  liavc  .i  parlii  iil.ir  licarini;  on  inc 
(|iie!4tion  ol  fiiiiin'  sNstcniaiic  conirol. 

Tahli-  20  lists  the  mean  iiiontlilv  IcvcU  <if  the  lake  of  llu'  Wood,  a>  h.iM-d 
on  the  iiiwmv  records  of  the  Ontario  DtparlnitTit  of  I'lil.li.  Works,  taken  ai  the 
Keewatin  tr.it'fic  Iprid^e,  to  which  corrections  have  lieen  apphed  as  a  result  ot  .1 
study  and  comparison  of  tiu'  siirfad'-levcl  records  availaliK'  around  llie  lake. 

The  figures  in  table  .'()  are  not  puMished  as  delinitely  and  tinalK  selling 
out  the  hike  levels  over  the  jieriod  in  <|uestion.  .\  nuiiierou?.  and  coinpliciled 
series  of  gaiiKe  reailin^;s  have  heeii  kept  at  dillerenl  points  arouml  liie  lake  l.y 
various  parties  interested.  The  collatiipii  and  study  of  these  red.rds  is  now 
iiein^;  carried  on  l>y  Mr.  S.  S.  Sco\il  of  the  Lake  of  the  Woods  'I'echnical 
Hoard,  and  will  result  in  an  .uithornalive  st.ilenient  as  to  the  lake  lt\tl>  pre- 
vailing in  the  past.  The  levels  listed  herein  can,  however,  lie  taken  ,is 
representing  with  very  fair  accuracy  the  surface  conditions  over  the  i)eriod 
covered.  It  sliou.d  he  pointe<l  out  th.it  th«-.e  figures  represent  aver,i^;e  inonlhlv 
elewitions,  and  that  d.iily  records  sliow  ntni  li  more  extreme  condilioii>. 

The  levels  are  gi\en  (o  Dominion  Water  I'ouer  Sur\iy  liatum.l') 
The  in.iximuni  mean  monihiy  ele\ation  recorded  in  the  cycle  is  KmoS  for 
the  month  of  July,  IKW,  ,ind  for  the  month  of  October,  1<^n7.  A  rise  alio\e 
ele\ation  1060  is  ol  common  occurri  nee,  as  is  instanceil  by  tiie  l\\cnl\-one 
listed  months  showing  higher  records.  The  iowist  .iver.ige  monthly  surface 
level  in  the  period  is  1055-4,  occurring  in  Januar\ .  l'M2,  and  making  .1  maximum 
range  between  monthly  averages  of  5- 4  feet  for  the  period  tabulated.  liie 
actual  nmge  between  extremes  of  dail\  records  w.is  considerably  higiur. 


Kt  \   01  l\ 
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Reference  l<j  chapter  IH  will  give  in  detail  tiie  run-off  data  whic  li  have  been 
secured  to  date  in  the  Winnii)eg  dr.u'nage  basin. 

For  a  study  of  the  storage  ;.nd  rur.  off  conditions  in  the  waterslied,  tluT"-  are 
available  continuous  discharge  records  from  1907  to  date,  at  three  important 
points  on  the  river  system,  i.e.,  at  Slave  falls  on  the  power  reach  in  Manitoi>a, 
at  the  outlets  of  the  lake  of  the  W  oods,  and  at  the  outlet  of  Rainv  lake.  I  pot) 
these  records  have  been  based  the  statements  herein  as  to  the  influence  of  the 
Lake  of  the  Woods  on  the  run-off  of  the  Winni|)eg  ri\er. 

Since  water-power  is  wholly  and  entirely  dependent  on  run-off,  the  influeiu c 
of  the  lake  of  the  Woods  on  the  power  ((uestion  is  as  direct  and  as  complete 
as  is  its  influence  on  the  river  flow. 


tcru  of  t.iv  plcMjit  K.tiiKf  uf  thp  OiiLiriii  Di'iia'-tim-nt  of  F*iibiic  V\i>rk> 


^Fif.  .itioii  ''r'}  ^  Water  Power  ^'ur.c 
at  Ki'ewatin. 

Klfvation  lO.'i.C-.l  Water  I'ower  Survey  ds  'im  --  zero  of  the  jire-wnt  gause  .it  Warroai 

^ero  of  the  Water  Power  Survey  datum  —  !  -3  on  the  L"nite.i  States  Coa.st  and  fJeodetic  Survey  ilaturn. 
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IhjHtrlmi-ul  of  till-  1,'crior. 


IMlMNtl.  ol     im    l,\KI,  ol     nil     WDOlis  ON 

KIVI  K    ll\>IN. 


Kl  \    III  I    t)|     nil     WINMI'I  «. 


Till'  irilliiiiKf  .il  llif  lake  >>\  ilif  WchhI,  on  llif  run-olT  iif  llu-  \Viniii|M'K 
Kivtr  l.,i-iii  ■".  iriMiitl  iiiicirr  tlirfc  liiailiiin>:  llrvi,  ilu'  rt-siilts  ari>inK'  from  tin- 
in((.iiil>ltic  imaMirr  ol  rcnulalioii  now  in  n|nralion  on  tlu-  lake;  >t(()n(l,  tin- 
iiMili>  iriMtin  from  llu-  maiiiti-iiancc  ol  tin-  lakr  al  ono  uniform  level  throuKli"iit 
liie  vear,  ami  from  viar  to  year;  ami  lliinl.  the  ri>iills  ari>inn  from  a  |)ru|MTly 
ami  <\>iemalii-.ili\  operated  system  of  itower  renulalioii  .md  eontrol  on  itie  lake. 


(At 


(OMiIIKiNs    Hist  I.IIM.    IKDM    I'RI  s|M     sVsllM    Ol     Hl.l.t  I  A I  ION. 


riie  n-Knlation  of  liie  slirfaee  le\el  of  (he  l.iki'  of  the  Woods  i>  at  present 
ill  lonlrol  of  the  Keewalin  I'uwer  ('omi)an\ .  sulijeil  to  snper\ision  on  the 
pan  of  llu  Minislerof  I'liMie  Works  of  the  province  of  ( )ntari()  for  the  iiroteclion 
of  navi^;alion  inleresls.  The  regulation  of  the  lake  has  not  in  the  past  Ixcn 
based  iiiiou  a  sludv  of  the  general  run-off  eondilion-  of  the  \\aler>hed.  su<h 
lecord-  not  lieiiiR  available  for  this  purpo-e.  Il  has  ( oiise(iueiitl\  lieeii  of  a 
somewhat  irrei;ular  iharadir.  more  with  the  olijecl  of  mi-eliiii;  sudden  and 
pre— in«  loeal  e\iv;i>n(ies  ihaii  with  the  idea  of  a  permanent  and  syslemalic 
<oiitroI  mceliiii;  all  reipiirements. 

l'.\eii  under  suih  a  measure  of  control  as  has  been  reali/ed  in  llie  pa^t.  the 
bellelits  to  the  pouer  reach  below  lia\e  been  nio-l  marked.  The  |)l.inls  ol  the 
Winnil)e^;  i;iectri(  K.iilw.iy  tompany  and  of  ihe  lily  of  WiimipcK  were  not  in 
operation  prior  to  the  inauguration  of  the  present  measure  of  control  on  the  lake 
of  ihe  Wood-,  ,md  con>e(|ueiitlv  have  not  experienced  ihe  iMlural  low  nil'  oil 
conditions  which  would  h.i\e  maintained  without  the  present  b.ilam  ilig  eltecl 
of  the  lake.  Il  i->  probable,  therefore,  liial  the  beneficial  effect  of  the  pre^^nt 
m<-,i-uri'  ol  ivi;ul,ilioii  is  not  fullv  appreciated  by  \\\v-i-  h\  ilro-eleclric  ui, 
takiniis. 

DuriiiK  the  period  since  1<«)7  over  which  discharge  record:-  are  a\  .lil.ible.  the 
lowe-l  (l.iiK  flow  recorded  ,it  Sl.ivc  falls  on  the  Lower  Winni|)eK  was  11,700 
(  iibic  feet  ji-r  second.  This  di^charKe  occurred  on  March  27,  1011.  I)i>char^:es 
in  the  neighbourhood  of  12,(100  cubic  feet  (XT  second  have  been  frecjuently 
recorde<l.  For  the  purpose  of  convenient  use,  12,000  cubic  feel  per  second  has 
been  l.ikeii  throughout  this  report  as  the  mininuim  How  to  be  anticii)aled  in  the 
power  reach  under  present  conditions  of  regulation. 

The  maximum  mean  monthly  record  over  the  period  in  (|uesiion  is  .s2,820 
cubic  feel  per  second  for  thi'  month  of  May,  I'MO,  while  the  maximum  dailv 
(low  recordeil  i;;  53,440  cubic  feet  ix;r  second  on  May  7  of  the  same  year. 

Over  the  same  period  the  minimum  mean  nionthh  discharge  fnmi  the  lake 
of  the  Woods  was  4,870  cubic  feet  per  second,  occurring  in  the  month  of  July, 
1<M  2,  and  the  minimum  daily  flow  \\as  4,425  on  July  21  of  the  same  year.  Mean 
monthly  discharges  below  5,500  cubic  feet  per  second  are  )f  frecpient  occurrence. 
l"ur  the  j)iiri«ise  of  the  present  discussion.  5.500  ciil>ic  feet  per  second  is  therefore 
considered  a  conservative  figure  at  which  to  place  the  minimum  outflow  from  the 
lake  under  the  present  system  of  regulation. 
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U'iMiiif'fi;  Kitrr  Pm^rr  and  Storu^e  lnveslii^nliims. 
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rill'  iii.ixiiiiiiin  nil. in  ninnilih  ii'niiil  (runi  liu  Likr  mmt  ilir  iiiriml  in 
(|iHHiii>ii  i>  2^.^''(»  iiiliii-  led  piT  xTiiiiil  Kiiiirrinn  in  M.i\.  l''tM,  while  the 
in.i\iniiiin  d.iiJv  Ijnw  reinrileij  \>  25,.',<S  ctiliic  le»'l  per  viuinl  ucciirrinn  in  M.iy 
4  of  the  n.inu-  year. 

It  niiKlil  Ik-  pi  lint  11 1  nut  here  that  the  inllnw  I  rum  I  he  i;ii^li«li  rivir  IhIhw  the 
nutlet^  Inilii  the  Like  anil  .ilmve  the  M.iiiilolia  pnwer  le.ii  h  III!  e-siiati\-.  the 
I  nii^iilir.iiiiiii  in  the  folluwint'  nl  IU(«  liniiiin,;  lliiu->  alnnu  the  re»pei  li\e  re.ii  lies. 

I  111     'i  i)\|)|IIOS>    Kl  si  It  isi.    I  l<ii\t    \i)    I'UW  I  k    Ml  I.I  I   \  I  |ii\    «i\    nil     1  AKI:. 

SliDiilil  the  Like  111  the  WihhU  ri  liTeiii  e  lie  ill  riileil  in  the  .lllil  iii.il  i\  c,  tll.it 
Is  til  sa\  ,  ill  l.iMiiir  lit  til, lint, liniiiv;  the  lake  Mirlaie  at  .i  li\ii|  iiliidirm  level 
tliriiituhiiul  ilie  \e.ir.  ami  Iruni  \ear  to  ye.ir,  the  elTerl  mi  tin-  run  nil  wmilil  lie 
es-entiali>  the  -atiii'  as  the  ((>i)if>lilc  mm'. ill  o(  the  Uikw  from  llir  ■  iilrrslial 
in  sii  far  .is  llie  i|iiesiiiiii  ut  its  inlliieiu  in^  nr  iiiiiirnllini;  the  llnw  nl  I  lie  W  ii'iiipi%' 
ri\er  is  eoilieniei! 

The  iiiiiiieili.ile  risull  nl  lu.iiii  I  .liiiins;  .1  iinilnnii  llnw  umilit  In-  the 
ilii  I'easill)^  nl  the  present  llmiil  iliseharj^e^.  anil  the  ilei  re.i-,iiiL;  nl  liie  pri'M'tlt 
minitiiiini  ilischarKes.  1  Tthetinnre,  the  elleil  wmilil  he  tn  r.iise  the  llnnii 
ilisih,iij;es  ami  In  InwiT  I  lie  Inw  w.iter  (list  liar^s  almvi'  ami  lielnw  uli.il  lliey 
wnlllil  respirti\el\  li,i\i'  lieeti  timler  n.iliir.il  eninliiinns  nf  riiiinll  in  llie  liasin. 
In  other  wnnls,  |n\\i  r  u  inier  llnw  ^  .111(1  hii;lier  ^priiij;  aii'l  siiimiier  llnniU  I  ji.iii  lia\e 
,it  .my  time  lueii  evperieiueil  in  the  past,  winilii  lie  e\perieiueil.  iliie  In  tlii' 
elimin.itinn  nf  the  n.itiiral  lial.uicin^;  ellirt  nf  the  Like. 

1 1  is  I  he  Inw  w  iiili  r  llnw  with  w  iiirli  the  pnwir  iiHi  n-l^  .ire  nin-l  rniii  ei  iieil. 

I'rnm  tile  niii-nlf  (lal.i  w  iiii  h  ii.iv  e  lu'CM  I  nll.ileil  ami  seriirrij  in  the  lieLI  |)\  till' 
(lepartmeiilal  ent;inei-rs.  it  h.is  hein  i  .iliiiLileil  tii.it,  with  the  inlltieme  nf  the 
lake  nl  the  \\  nniis  It  hln\eil  I  mill  tile  \\  .llershed,  .i^  it  Wnlilii  lie  limli  r  rnililil  inii> 
nf  .1  iniilinilniis  ami  tun  h.uiuiiiv;  siirfare  le\el,  .i  miniiiuiiii  nnlllnu  nf  S, 0(111  >  iil.ie 
leet  per  secnni!  is  to  lie  anticijiatcd  from  the  lake,  while  a  ininimimi  tlnu  ni  7.01)0 
is  In  lie  .iiitii  ip.ileil  nil  the  pnuti   1 1  aeh  nl  the  Winnipeg  ri\er  in  .M.iiiilnli.i. 

f(  I   I  i)\iii  1  iDNs  Ki  si  i.iiM,  I  ROM  I  oxtrki  111  \si\i;  and  sysi  i-.m  \i  hm  i  \  i  ns- 
iKoiii.P  Ki;i.ri.Aiio\  i)\   nil    i.\ki.. 

A  far-sighleii  prnperh  cmitinlK'il  s\siem  nf  rii;iilatinii  for  iinwer  piir|)ii.ses 
nil  the  lake  i  iween  ilet'iiiite  li.Mil  limits,  ami  liaseil  nil  the  lieliiiiu- ruii-nM  .iiiil 
storage  (lata  now  in  possession  nf  tiie  engineers  nf  liu-  liep.irimeiii ,  will  \.i>,lv 
improve  the  i>resent  surface  level  iniulitiniis  on  tiie  lake  of  liie  WnniL-,  liie 
mitllovv  from  the  Like,  .iml  the  riin-otT  available  on  the  power  reai  li  in  M.iiiitnii.i. 

Tile  ealciilations  wliirii  are  now  possilile  as  a  result  of  tlie  field  investii;aliotis 
and  studies  of  the  en^iiHers  nf  the  Dominion  Water  I'ower  Hr.imh.  show  lli.it 
with  suit.ihle  reiiiiLition  on  tiie  Like  of  the  Woods  and  under  tlie  present  i  nii- 
ditinii  nf  power  devt'iopment  at  liie  Like  outlets,  it  will  he  a  i  ninparatively 
easy  matter  to  ensure  a  ininitniim  flow  of  20,000  ciihie  feet  per  seioiid  on  the 
power  reaeii  in  Manitoba,  and  that  a  minimum  fii  ■  of  12,000  euhic  fi-et  per 
M-i-uiid  from  tiie  lake  nlay  be  iM<s»ible. 

Mn  (li-iilinK  Willi  tin-  (im'slion  of  one  levi-I.  minimum  Hows  only  have  iiocn  con^i.lcred      .\n  uivt-^'tigation  of 
(loo'l  (lis.hurK""^  would  also  Im-  necessary. 
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t>rf>,irlmenl  nf  thr  hit  friar. 
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Irn.n  a  r.vu.vv  of  tin-  Rnu-ral  run-.lT  n-,„r,ls,     ;,at  if  „„  r.uul  iti,.,    .   ,' 

r^--  -  '"-"-''■<'•  < ■■'k..  -f  .1,..  u:.„k\,;;.  :.:    i^  iz: 

....ns  .an  U.  I.u,  „l,„,„v  I...,,.....!,  ......  „i„,  ...„„,,..,..  r!.,uuJ:::2l.:^: 

■^ -  "  ''  ^"«"'''|"-".  -.n  if  ,,ra.M.  al,l...  .oul.l  onlv  l...  ...  „r,.,|  l,^  a  v.rv   u  .   v 

;x:!:':;:,  ':C,::r'^"'- '  ~  -•-•  •• ^^  ••"<•  -^  -  ^  '■-::^^ 

I..  ...n.i.l.rir.K  r,.«ula.ion  f„r  |Hm.r  ,.ur,H,.,.H  „n    ih..    L.k..  uf  .l,.-  \V..„.U 

"  :;  """"^•;""  • "•  •''•'"  •'"  •"  •"..I  varia.i,.,,  ..f  .„„..  „  U...  ,,a      1-  ,      '    e 

'■'  '  H-  p....    .1,.  ..„  y..ar.;  fur,lK.rn...n.,  ,ha,  paM    ...n.n.l  has  hce^  n.       iV..    '  hr 

h  ,       '''r;    ";"  """'  '"'^'•'■"■'^  •"'^'••••-'-     •\'  "'•■  ^.""-  -in,..,  ,1...  n-Mil, 

XrZut\:z:::r "'••-"•"' "■^'-">i'f-.H.r ........ ,.,..„... 

.in.  .ai^aini..     ,,..„.      .,^ 

.l>-s  p  at,.  >l,uu,  ,1,.-  a.-.t.al  ,„n.ii,i„ns  ,.f  lake  U-vr\  .,„■  ,1...  vo  .rs  1(.7    ,      ., 
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Drawing  .he  lake  .l.nvn  1..  its  lowest  limit  woui.l  in  anv  exent  l,e  .  n,  uter 
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AllKll-'I.  "  ''  li"'l  ill  >i'|fltl|i|>«r,  0  ,S  jiMii  ill  (  )(  lulu  I,  .iilii  U  4  liii  ;  ill  \  .,  lit,  ■!, 
•  ir  |ir,ii  til  ,ill\  5  Ictt  in  ilic  tiKlit  niniiih^  ti.itiiril.  .iml  ,ii  liir  saiti  liiiii  p  i  li  n 
.iliiiiiil.itit  siipply  III  w.ilcr  Inr  the  ptiM  III  |Miw<  r  ii-«r«i  ,ii  ilif  l.ikr  until 


Mil    olMMVHS    IM      III!     IMIIIMI     ill      III)     l\kl     ill      llll     VM<il> 

M I   N    ( II  I 


nil 
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III  liriil  I  In-  iiitliKiK  !■  ■  .1  ilir  |..iki'  ut  tin-  WmimU  i>n  the  run  nil  i>\  ' 
iiM  I   li.i>iii  is  as  fiilliiu  s: 

I'nscnt  system  of  rcjjtlitlitni  n-^iilis  in  .i  iiiininiiini  lluw  uf  n.     '  I  ifss 

III. in  5.500  ciilii,    fict  [MT  ■.iTiinil  fur  ilir  rr.u  li  luluw   tlu'  l.ikf  lu  i  ■      lioii 

uitli  ilii'  luinlisli  ri\iT,  and  of  soim-whai  ii  >-  ili.iii  I.'.IHIO  ,  niiif    f.  ii  ,  .,    1 

fur  the  puwiT  n-acli  in  M.inituha. 

.\'o  fnKirr  ret^iilalltni  permissible  on  the  Inke  wuuld  n  ^uli  in  .i  iniiiimuiii  lli.u  of 
aliiini  ,<,W»()  nilijr  feci  piT  sicuiul  fur  llir  rcu  li  luluw  the  lakr  lu  llu'  juiii  tiun 
with  the  Ijinlisii  ri\ti.  ami  uf  7,()(K)  iiiliir  fi<i  per  siiunil  fur  tin-  |iu\\ir  nacli  in 
Manitulia. 

Sys/emutidiily  <  onlrolleil  re\^ul<ttiou  on  the  hike  for  fUK^er  />iir/)ii^,'<  wuiiltl 
riniliT  pu»ililL'  .1  inininiiiin  lluw  uf  1  2,00(1  injiii  fiTl  inr  sicu'kI  fur  llir  ii  .icli 
IkIuw  lib  lakf  tu  llll-  jiintiiun  wiili  tin-  i;iii;lis||  rivft.  ainl  i  iisiin  .'n.iiuii  (  uliic 
III!  per  -.i-cuiul  lur  llif  iiuurr  rcai  li  in  M.initulia, 


IMIIIMI     (1|      nil      I   \KI      111      nil      Willllis    IIS     III!      I'liUlK     WAN    Mill        l\       llll' 

WINSII'I  1.    Kl\  I  K. 

'I'lie  lakf  uf  llll-  Wuiiils  iiilliR'iiccs  till'  puwir  pus>iliil  ic-,  uf  IJu'  \\iiinip»x 
river  in  diri-ct  prupuriiun  tu  its  inlliuiuv  on  liii'  riin-ulf.  riii>  iiilhu'iiri'  is 
distiissed  in  detail  lieri-undi-r,  cuMTinn  tiic  ciitiri'  sorii's  uf  puwrr  plants  and 
pussililc  sites  111  puwer  de\clupinenl  aiuiij;  the  riviT  fruiii  the  lake  ni  tiie  Wuuils 
lu  Like  \\'inni|)ej;.  All  di-Ni'lupinem  capacities  are  in  terms  uf  J  l-liuiir  iiur-e- 
puwer  at  75  per  ci'iii  etticiencv . 

(A)  Outlets  of  the  Lake  or  theW'ooils.  'riireedevelupnieiits  .in- at  presiiil 
in  uperatiun  at  the  uir!ets  fruin   tlie  lake  uf  the  W'uuds. 

The  Ki'ilura  nuinii  ipal  plant,  cuiistriuted  in  \W(>  and  siicceeilinji  a  prior 
plant  cunstructed  in  \S'>2.  h.is  a  present  lurliine  iiist.illatiun  uf  fuiir  iiniis  cif 
•;00  hurse-puwer  e.ich  (tnaniifacturers'  rating),  ur  ,?,600  hurse-puwir  in  ,iil. 
Two  li,i\s  .ire  still  in  reserve  fur  the  installaliun  of  twu  additiunal  iiiiii-.  I'lie 
puwi  r  is  used  fur  lighting  and  niiinici[ial  distrihiitiun  in  Kenur.i  and  Keeuatiii. 

The  Lake  of  the  W'uihIs  Milling;  ( 'unifiany's  mill  "(',"  replaiini;  ,i  tcirnur 
sinallir  dexclupnu'nt,  was  |)lare  '  in  uperatiun  in  1^07.  The  tiirhiiie  iapacit\- 
installed  at  [ireseiit  cunsists  uf  twu  runners  of  000  horse-puwer  uperalini;  the 
mill,  and  une  runner  uf  (lOO  liurse-puwer  direct  cunnected  tu  a  i;eiUT,itur  fur 
lighting  and  hoisting  piirposts.  The  total  turbine  ca()acit\  im.inuf.icliirers' 
raling)  is  2,400  horse-power. 

The  Lake  of  the  Woods  Millini,;  ("ompany's  mill  "A"  was  pi. iced  in  uper.itiun 
•ibuu'  the  year  1887.  The  present  turbine  installation  consists  of  two  huri/untal 
ttirbii-es  on  one  shaft  rated  at  2,400  horse-power,  one  wheel  uf  ')•>  horse-power, 
two  generator  turbines  of  AM)  hurse-iiowcr  each,  and  one  tire  piiinp  turbine  of 
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\m  horsf-ix.wer.  The  total  tiirhiiu'  capiicity  installwl  (niaiuifacturors'  rating) 
IS  ?,,m  horst'-powiT.  Tin-  powi-r  is  used  in  riinninK  the  iiiillinK  inacliinery 
ami  in  supplying  linht  and  (jower  to  the  hoists,  elevators,  etr. 

The  total  tiirl)inecai>.irity  installed  at  the  outlets  from  the  lake  is  at  present 
9,.?y.S  horse-power.  In  view  of  the  working  conditions  and  of  the  use  of  certain 
runners  as  auxiliaries,  only  60  per  cent  or  5,6,<7  horse-power  of  this  capacity  is 
considered  iierein  as  cotitinuousK  in  use. 

I'late  S2  graphically  illustrates  the  present  conditions  of  the  power  situation 
at  the  lake  outlets  ffig.  2)  and  the  comparative  conditions  which  will  result  from 
no  reK'ulation  ((ij;.  1),  and  systematically  controlled  rcKuIation  (tig.  M,  res- 
pect ivel\-. 

Present  retiiilation  means  a  total  development  ca|)acity  of  <>,.?';()  horse-power. 
I.e.,  ,^,7.S,?  horse-power  in  reserve  over  and  above  the  present  conlinuouslv 
employed  power,  or  practically  the  same  as  the  turbine  cai)acily  now  installed. 

-Vo  pmcrr  ref^iiliition  on  the  lake  means  a  de\el()|)ment  ca|)acit\-  of  6,140 
horse-|)ower  or  .S(U  horse-power  in  reserve  over  the  present  cont  inuouslv  emploved 
I>ower. 

Systematically  controlled  reg,ulation  on  the  lake  means  a  (le\elo])ment  lapacity 
of  20,500  horse-power  or  14,86.?  horse-power  in  reserve  over  the  present  continu- 
ously eni|)loyed  power. 

A  comparison  of  the  above  figures  will  concisely  illustrate  how  greatly  the 
industrial  future  of  the  ccmmiunities  at  the  outlets  of  the  lake  depends  (m  the 
question  of  power  regulation  in  the  lake.  \o  regulation  means  no  further 
expansion  without  ste.nii  auxiliary,  while  complete  regulation  means  14,86,i 
additional  horse-power  available  for  industrial  expansion,  or  more  than  two 
and  one  -half  limes  the  present  power  capacity. 

in)-  White  Do,^  falls.  -The  Dominion  Water  Power  Branch  has  made  no 
detail  field  investigations  with  a  view  to  ascertaining  the  concentration  pos- 
sibilities along  the  river  from  Kenora  to  the  junction  with  the  Knglish  river. 
Private  iiuestigations  and  reconnaissance  obser\ations,  would  indicate  that 
a  45-foot  head  can  be  economically  developed  in  this  reach. 

Present  retiiilation  on  the  lake  of  the  Woods  means  i  dewlopment  capacity 
of  21,100  horse-power  along  this  reach. 

\o  po'urr  regulation  on  the  lake  of  the  Woods  means  a  develo|)menl  capacilv 
of  13,800  hor.se-power. 

Systematically  controlled  repilation  on  the  lake  of  the  Woods  means  a 
development  capacity  of  46,100  horse-power. 

(O-City  of  \Vinnit>e(j  Municipal  Plant  at  Point  dii  Hots.  -V\v:  city  of 
Winnipeg  compl(;ted  the  initial  installation  of  the  municipal  plant  in  1<>11.  This 
installation  consisted  of  five  5,200  horse-i)ower  turbines.  Three  additional  units 
have  been  installed  during  the  past  year  of  7,()0((  horse-iwwer  capacitv  per  unit, 
making  a  total  present  turbine  installation  of  47,000  horse-power.  In  addition 
to  this,  the  city  has  amstructed  the  headworks  of  eight  additional  bays,  in  order 
lo  du()licate  the  existing  power  station  as  sewn  as  the  market  demands. 

Plate  83  graphically  ilhi.strates  the  influence  of  the  lak<>  of  the  Wfxxl- 
regulation  on  the  municipal  undertaking. 


Winnipci!,  River  I'oiccr  diul  Slonnic  Invcstii^ulitins. 


.^\') 


Present  refiulalion  on  tin-  lakt-  of  tlu-  Woods  humus  a  (Icvclopiiu'iil  (ap.i ritv 
of  46,100  horsf-powiT  at  tlu'  cit\  station. 

i\o  ffourr  rci^ulation  im  tin-  lakfof  the  Woods  means  a  (Ifvi'lopnioiil  <.ii)a(iiy 
of  26,900  liorse-jxmor  at  tin-  citN'  station. 

Systematically  controlled  rcj^itlation  on  the  lake  of  the  Woods  means  ,i  develop- 
ment capaeily  of  76,800  liorse-powir  at  tlu'  city  station 

Tile  above  indicates  tiiat  wilii  no  reKuIation  on  tiie  lake  there  would  not  lie 
sufficient  water  to  operate  the  jiresent  installation  during  times  of  low  water, 
and  the  construction  of  a  steam  au.\iliar\-  in  the  ritv  would  lie  necosary  in  the 
immediate  future.  ICven  under  the  present  condition  of  regulation  on  the  lake, 
the  minimum  flow  will  he  practically  entireK-  Uiili/ed  l)\-  the  macliiiier\-  now 
installed,  leaving  no  power  a\ailal)le  for  the  second  half  of  the  power  station 
yet  to  he  completed. 

To  ensure  not  only  the  prolitahle  completion  of  the  dupliiaie  >ection, 
but  even  the  de|)endahle  use  of  the  present  section  of  the  power  station  re(|uires, 
therefore,  that  power  regulation  must  be  assured  on  the  lake  of  the  Woods. 

(D) — Slave  Falls  site.  -Vht:  Winnipeg;  River  I'ower  Investigations  show- 
that  a  head  of  26  feet  can  hi'  jirofitably  developed  at  Slave  fall.s. 

Present  reiiulation  on  the  lake  of  the  Woods  means  a  development  capacitv 
at  this  site  of  26,600  horse-power. 

No  po'ii'cr  re^ulationuw  the  lake  of  the  Woods  me.iiis  a  de\elopmenl  capacitv 
of  l.S,520  horse-power. 

Systcmalically  conlrolleil  rcv_iilatio)i  on  the  lake  of  the  Wood^  miMn>  a 
development   capacit\'  of  44,4(10  hor.se-power. 

{]L)  -Upper  Seven  Sisters  site.  The  power  investigations  covered  iuTein 
.show  that  a  head  of  2'Heet  can  he  profitably  developed  at  the  I  pper  Seven  Si>ters 
concentration.  .At  this  site,  a  porti(jn  only  of  the  river  flow  is  .ivailahle.  since  tlu- 
plant  of  the  Winnipeg  I^Iectric  Raihv.iy  Company  on  the  I'inawa  channel  recpiire^ 
an  average  How  of  8,000  cubic  fet't  per  second.  'l"lu'  net  result  of  this  is  that 
the  I'pper  Seven  Sisters  site  will  he  entirelv'  unfavourable  for  development 
until  such  time  as  a  fairly  complete  system  of  regidation  is  instiluteil. 

Present  regulation  on  the  lake  of  the  Wood>  niiMiis  a  development  cap.icitv 
of  9,900  horse-power  at  this  site,  after  allowing  8,000  second-feet  down  the 
Pinawa  channel. 

.V(»  po'icer  rei^ulatioH  on  the  lake  of  llie  Woods  means  no  develoiiment 
capacitv-  at  this  site. 

Systemalirally  controlled  reticulation  on  the  l.tke  of  I  lie  Wood-.  nie.ui>  .i 
dev-elo|)ment  capacitv-  of  29,600  horse-power  ,it  this  site. 

iV) —l^o'iivr  Seven  Sisters  site.  .\  lu'ad  of  .?7  feet  cm  be  iirolil.iblv 
developed  at  the  Lower  Seven  Sisters  site.  .\s  is  the  case  of  the  I  ppir  Seven 
Sisters  site,  a  |)ortioii  only  of  the  river  flow  is  .ivailahle,  an  average  of  S. 000 
cubic  feet  per  second  being  diverted  down  tlie  Pinawa  channel. 

Present  rcj^ulation  on  the  lake  of  the  Woods  means  a  dev-eIo|)menl  c.ip.K  itv 
of  12,600  horse-power  at  this  site  after  i)rovidiiig  for  the  Pinawa  Chaniul  tlou . 

No  power  regulation  on  the  lake  of  the  Woods  will  conipletelv  cut  olf  the 
flow  from  this  reach  during  oniinarv  winter  seasons,  ami  u-ntk-i  it  eiitiic!> 
unfeasible  t)f  development. 
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Systenmtically  controlled  regulation  on  the  lake  of  the  U'oods  means  a 
development  capacity  of  37,900  horse-power  at  this  site 

It  might  be  noted  here  that  neither  the  Upper  nor  the  Lower  Seven  Sisters 

hoo.ro?^o'oOO  r'"^'''''  ^'^"^^'"fT"^  ""^"  -  -i"!-"-  flow  in  .he  neighbour- 
hood of  2(),.)0()  cubic  feet  per  second  is  assured  in  the  power  reach   n  Manitoba 

i(^--  II. nrnpes  Electric  Raihvay  Company  s  Plant  on  the  Pinawa  channel- 
Ihehy  ro-electncplantofthe  Winnipeg  Electric  Railway  Company  is  located 
on  the  Pmawa  channel  of  the  Winnipeg  river.  The  water  supp  v  necessarv  o 
properK-  operate  the  plant  varies  with  the   different  conditions  of  load "b 

c^  'Tnl  "7  "'  '"  ':""^"  "^  '•"""  ''"''''^  ^'''  per  .second  for  purposes  of 
consement  reference  and  as  representing  average  conditions.  The  water  is 
dnerted  ,nto  the  channel  by  diversion  weirs  spanning  the  main  river-bed  A 
normal  head  of  ,?0  feet  is  deveIope<l  at  the  plant 

The  present  installation  of  the  power  stations  consists  of  four  settings  of 
tour  runners  each,  at  2..S95  horse-power  per  setting,  or  IO,.380  horse-power  for  the 
group;  also  t,ve  sett.ng.s  of  four  runners  each,  at  4.788  horse-power  per  setting, 
o  -.^,94()  horse-power  for  the  group.  The  alK,ve  figures  represent  the  manu- 
.a<  turers   ratmg  at  a  39-foot  head  and  total  to  .34.,S20  horse-pLer  for  the  entire 

Fiecrl'R'T"""/'^  regulation  on  the  lake  of  the  Woods  affects  the  Winnipeg 

does  the  plants  on  the  mam  nver  channel.  F-te  84  illustrates  graphicallv  the 
influence  of  the  lake  of  the  Woods  regulation  on  this  plant. 

Present  revdation  on  the  lake  of  the  Woods  results  in  difficulty  in  operating 
the  company  s  plant  during  ordinary  winter  flow.  This  is  instanced  bv  th? 
steps  which  have  been  successfully  taken  during  the  ,xtst  two  seasons  by  the 

ompany,  through  the  Dominion  Water  Power  Branch,  to  .secure  the  removal  of 
the  logs  from  the  .Norman  dam  at  the  outlet  of  the  lake,  an.l  to  therebv  augment 

un-o.  from  lake  of  the  Woods  storage  at  such  times  as  the  flow  in  the  Ma.'it  l" 
reach  falls  below  l.,000  cubic  feet  per  secorul.     It  is  evident,  therefore,  that  the 
present  measure  of  regulation  on  the  lake  does  not  meet  the  actual  present 
refiu.rements  ot  the  Winnipeg  Electric  Railwav  Company. 

flow  ^o  7  000  T'"?"  ""  "'"  '"'''  °^  "'"  ^^'""^'^  "°"'''  '•"'"^^  '^-  """'"'">" 
^  lu  ,.l  ;1  "T  \7'  '7  r""^-  '^^'  '^  '^^^  '^^^  '^  f^'^ni.entlv  recuired 
we      .11  ^  f  ","  ^'''''''  '"'-'^^^■'"^•h  the  market  demands',  even  if  it 

were  all  diverted  into  the  I'.nawa  channel.  Such  a  diversion  would  leave  the 
mam  rner  channel  from  the  dixersion  dams  to  Whiten,outh  falls  8  nules  down 
-stream,  entire  y  dry  durmg  the  low-water  season.  Such  conditions  could  not 
be  permitted  by  the  department. 

The  present  di^•ersion  weirs  of  the  compan>-  are  not,  however,  at  such  an 
elevation  as  will  divert  the  entire  7,000  second-feet  into  the  Pinawa  channel. 
At  such  imes  as  7,000  cubic  feet  per  second  forms  the  entire  river  flow  the 
wc.rs  w,  1  divert  approximately  5,000  cubic  feet  per  second  into  the  Pinawa, 
i^h  f  !r-  nnf  ,'"  7'"'""'"S  2,000  ,iown  the  Seven  Sisters  reach.  To  secure 
the  full  /  000  cubic  feet  per  second  elown  the  Pinawa.  leaving  the  main  channel 
eiry,  would,  even  if  permitted  by  the  elepartmmt,  necessitate  expensive  crot- 
raising  alterations  to  the  present  diversion  weirs. 


DOMINIC   '        ATCR   WWCR   BRANCH 

J.   ■    CHA1.I.IKS,  Su**rlntand«nt 


mj^TC  NO.  M 


PneSENT  RtGULATIONONTHE  LaKE 

SSOOCu/t.  per  $ec 
low  discharge 


No  Regulation  on  the  Lake 
3600CuJt  persec  low  discharge 


SYSTEMATICALLvCONTItOll.CORECUTATIONON  THE  LaKE 

12,000  Cu.yt  per S€C  low  discharge 

Comparisons  of  the  TOTAL  POWER  available  under  above 
fonditions  of  runoff 

CD  I   5637  H.P~[>-'^"^  HP 


i>fea?RP   atmnni 


5657  H  >»    r 


MlWHtt 


3 


LEGEN&. 


Pow.r    d»v«loR»<)    to    d*t«    (eOX.n.I.ll.d    turbln.    capacity) 
Additional  PovN«rava,labl.  uodarcond.l.on,  „,f,a  ,.,l,rTt,3of  24  t.our 
HP  at  75X«Wc,an<:, 


DIAGRAM 

■  MOWINO   TM( 

INrLUCNCE  or  THE  LAKE  OF  THE  WOODS 

ON    THI 

POWER  SITUATIONS  AT  THE  OUTLETS 

or  THE  LAKE. 


CD 


Fmh"-a'v  1 


To    accompany    a 


■aoort     on     POWER       .NO     STOWCGt     INVt«T>a*TION« 

by    J     T     JOMNaT'.N.   a  A.«c 


i 


DOMINION    WATER     POWCK    SRANCH         PLATE  No.  sa 

0.»CMALLif5,   SuPCIHNTtNOeNT. 


Deveio(3«d  f^jwf- to do'e    n 


LEGEND 

©  Power  availobi*   nvth   NO    re|ularioo    f>e'm,r»fci 

on    La^e  of  the  Woods     _ ^^ 

<2)Pow«r  available  under  PRESENT  tNCOMPLETE 

regulation   on  the   Lake  of  the    Woods  ^g 

(3)  AddiTiorral   power  available  under  SYSTEMATICALLY   CONTROLLED 

regulation    on  the    Lohe   of  the    Woods  ..(jH 


CornprjrJson  of  TOTAL  power  ovailoble  onder  the  above 
conditions  of  regulation  on  'he   Lake  of  the  Woods. 


oi  mm^i<-m.»m ■ 


JlSOOH  P 

<ah      a^iflMftR"     ■""1  >.ronHP 1 

®l 


Note-     Power   given     o  terms  of  2A  hour  H  P,  of  TS-/  efficiency 

DIAGRAM 

SHOWING     TMC 

INFLUCNCe    or    THC    LAKE    OF    THE    WOODS 

OM     THC 

WINNIPEG    CITY    PLANT    AT    POINT    DU    BOIS 

ON      THE 

WINNIPEG    NIVKR 

Tf     acconissny     REPORT     on     POWEK     «     STORASC      INVESTIGATIONS 
by     J.  T.  JOHNSTOn     •    A    Sc 

Mar  31     191 B 


DOMINION    WATIR     POWtR    •RANCH         PUCTt   No 

.i.a.CHALLiea,  auvtuiMTiMatNT 


LEGEND 

Power  ovailable  w,1h  NO  rejulotion    permitted  on  the  LoKe 

Povgr  ovoilob*  under  PRCaCNT  regulation  on  the   Loke 


Comparison  of  TOTAL  POWER   availoble    under  the  above 
conditions  of  regolotfon 


®  fy/yyyyy.MK6bAH.^y/////yy^.^pz^ 


taeoo  H.n" 


C3 


NoTi-     Power  given  m  terms  of  24  hour  HPot  75/  efficiency 


DIAGRAM 

SHOWING      THE 

INrLUENCE    OF    THE    LAKE    OF    THE    WOODS 

ON     THE 

WINNIPEG    ELECTRIC    RAILWAY    COMPANY'S    PLANT 

ON     TMt 

FINAWA    CHANNEL 

T»    •ccecT.nny    REPOPT    on     »OWER    4.    STORAOE     I NVESTIOATIONS 
by     J    T    JOHNSTON     B.  A.  Sc. 

r.k.  1     I91S 


i 


Winnipeg  River  Power  ami  Storage  Investigations 


321 


With  no  storage  in  the  lake  of  the  WckkIs.  the  present  capanty  of  the 
Electric  Railway  Conitiany's  |)lant  would  be  reduced  under  niininiuni  tlow 
conditions,  to  16,600  horse-p<jwer. 

Systematically  controlled  reaiilatiouun  the  lake  of  the  \\(mm1s  will  (Krmit  the 
automatic  diversion  at  all  seasons  of  the  full  tlow  neiess.iry  to  properlv  oiHr.Ue 
the  company's  plant,  and  with  no  possible  complications,  and  will  in  addition 
render  available  for  profitable  develo(>nient,  67,500  horse-power  on  the  Seven 
Sisters  reach. 

(H)— Upper  Pinaua  site.  -The  I'pia-r  Pinawa  site  will  oi)erate  under  exactly 
the  same  conditions  of  flow  as  the  plant  of  the  Winnipeg  Klecfric  Railway  Com- 
pany; that  is  to  say,  under  the  |)resent  riKulation,  difficulty  will  be  ex|)erienced 
in  securinK  sufficient  water  during  ilie  siMson  of  low  discharge  on  the  river, 
while  with  no  regulation  permissible  on  the  lake,  about  5,000  cubic  feet  per 
second  will  be  available  for  utilization. 

Present  reiiulation  on  the  lake  of  the  Woods  nuaiis  a  de\elopment  capacity 
of  some  12, .?()()  horse-power  at  this  site. 

No  power  res,ulatinn  on  the  lake  of  the  Woods  means  a  development  capacity 
of  some  7,700  horse-i)ower  at  this  site. 

Systematically  controlled  rci^iilation  on  the  lake  of  the  Woods  will  not  increase 
the  output  possible  under  present  conditions,  but  will  render  it  dependable  at 
all  seasons. 

(I) — McArthur  site. — The  power  investigations  show  that  a  head  of  18  feet 
can  be  profitably  dceloped  at  Mc.Xrtluir  falls. 

Present  regulation  on  the  lake  of  the  Wo<h1s  means  a  development  capacity 
of  18,400  horse-power  at  this  site. 

i\o  power  regulation  on  the  lake  of  the  Woods  means  a  development  capa- 
city of  10,760  horse-power  at  this  site. 

Systematically  controlled  regulation  on  the  lake  of  the  Woods  means  a 
development  capacity  of  30,700  horse-power. 

{J)—Dh  Bonnet  site. — Of  the  entire  series  of  power  sites  investigated  by 
the  engineers  of  the  Dominicjn  Water  Power  Branch  in  connection  with  the 
power  study  of  the  Winnipeg  river,  the  Du  Bonnet  site  ofTered  the  best  oppor- 
tunities for  commercial  exploitation.  The  Winnipeg  River  Power  Company  has 
secured  rights  to  the  development  of  this  site,  based  upon  and  in  line  with  the 
departmental  investigations  and  conclusions,  and  is  at  present  actively  engaged  in 
construction  operations.  The  head  available  here  is  56  feet.  The  question  as  to 
the  efTect  of  regulation  or  non-regulation  of  the  lake  of  the  Woods  is  therefore 
of  pressing  importance  to  the  power  possibilities  of  the  site.  Reference  to  plate 
85  will  illustrate  the  situation. 

Present  regulation  on  the  lake  of  the  Woods  means  a  development  capacity 
of  57,300  horse-power  at  this  site. 

Nj  power  regulation  on  the  lake  of  the  Woods  means  a  development  capa- 
c:ty  of  .'3,450  horse-power. 

Sy::tematically  controlled  regulation  means  a  development  capacity  of  95,500 
i.orse-pcwer. 

36376—21 


^^2  Depiirlmcnt  of  tht  Intrrior. 

Present  regulation  on  the  laKi  <>«   i>»- 
o(  37.WM)  horse-jx>wer  at  tl'in  «''-  ^^^^^^^^  ^^  .Uvelopna-nt  capa- 

A'o  /wwrr  regulation  on  the  laki   oi 
city  of  22,100  horsi>-|H'wcr.  j^      W-mkI^  nR•an^-   a 

d-vclopnu-nt  rapacity  of  6,?,100  hors.-,H.w.r 
stated  in  table  47. 


Woods  to  lake  Winnipeg. 
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Ke,„o„co  ...  ,a„1c  47  i„cU«.c.  .ha.  '^ ^^'^j:-^,Xt^'^' 
.,e  c„,ire  reach  of  .he  «  -■7„;;7,  ^'.^.'^i'-J     ..io  h„,»-,»e,.     fmle. 

a  system  of  uniform  surface  c.,n.r,,l  '"'^■^^r^^^^^„^M  be  rcduce.l ...  152.970 
di.Lnsofn,M«.-.rre8ula.,o,,..h..depe  d^,f.U  .^^^^^^^^ 

horse -P«»er.  or  by  45  per  cent.  ^  "'I"  "'^^^ .„^,,j  u-  im.ea«..l  .o  1S,1..50" 
rr^^etnV^iU'a  :;:r XTpower  capacUy  an.,  2,5  per  een, 
ar~;X;  ,e«l.ing  fron,  a  sys.en,  of  ..o  ,»»er  ,e.ufa.,on. 


Winnipeiz  Rivrr  Pimer  ami  Slomiie  Inveslii^ations. 


MS 


«ie\  loptm-nt  «in  the  Winniixg  rivir  ImIuw  tin-  l.iki-.  Ci-rliiiii  of  tlnw  ff.itur«> 
hi>  .■  alrt-aily  Imtii  •■tilarni-d  u|H.n  in  thi'  fori'K<.ini{,  and  an-  supplcnitntf.l  l.y  t!if 
t(|ually  ini|Mirlant  consiiU'rations  a|i|KMi(li(l. 

kW.ATION    Ol      rill     I.AKl.    OK    III!     \MM)I>S   TO    Till;    WATI  RSII|:|>. 

(1)  Thi-  lakf  of  tho  Woods  has  a  siirfai  i-  area  of  I, .MM)  s(|iiarf  miles 

(2)  Mm-  total  area  of  tin-  Winiiiixn;  rivi-r  waterslu-d  is  h.\,im  s(|iiarc 
miks. 

{i)  Till-  waltrslu'd  alH)vi'  and  trilmlary  to  the  lake  of  the  WimmIs 
has  an  area  of  26.4(M)  s<|uare  miles,  or  practically  one-half  the  total  river 
watershe<l. 

(4)  Of  the  total  area  of  the  \Vinni|KK  watershed,  some  7.4()()  s(|uan- 
miles  IKJ8S0SMS  no  suitahle  storage  reservoirs,  ami  the  nm-olT  from  the 
same  cannot  1m-  controlled. 

Of  the  watershed  .irea  trilxitary  to  the  Like  of  the  W.hhIs,  1().4(MI 
sqi  ire  miles  has  no  lake  area  suit.iliK'  for  storage  reservoir  pur|M)ses 
other  than  the  lake  of   the  Woods. 

Hence,  if  no  stor.ige  ]>rivilenes  .ire  ixrinissilile  on  the  Kike  of  the 
W(X)(ls,  there  will  1h'  a  total  of  17,H0()  s(|uare  miles,  or  ((radically  one- 
third  of  the  li.isin  from  which  there  will  he  no  opportunity  to  control  or 
regulate  the  run-ofT. 

(5)  PennittinK  storage  privilcK'ts  on  the  laki  of  the  WotxJs  will 
increase  the  controll.d.le  area  45,800  square  miles,  or  practically  five- 
sixths  of  iho  watershed. 

(6)  The  lake  of  the  Woods  dominates  a  drop  of  347  feet  in  the 
Winnipeg  river,  capable  of  protitalily  ileveloping  under  a  regulated  flow 
some  483,500  24-hour  dependable  horse-ptjwer. 


ng 
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EFFIXT   Or    NO\-STORA(;i;    Ri:(ilI,,vriON    ON    THK    I.AKl:    OF   TIIK    WOODS. 

The  answering  of  the  Lake  of  the  Woods  Reference  in  the  affirmative,  or,  in 
other  words,  the  maiiHcnaiice  of  the  lake  surface  at  one  uniform  level,  thereby 
destroying  the  lake's  regulating;  capacity  for  river  control  and  power  purposes, 
would  result  in  the  followini;:    - 

(1)  The  present  minimum  >utflow  from  the  lake  would  be  reduced 
from  5,500  cubic  feet  per  .sicond  tn  3,600  cubic  feet  per  second. 

(2)  The  pre.seiii  ininimim;  flow  in  the  Manitoba  power  read;  would 
be  reduced  from  12,000  cubic  feet  per  second  to  7,000  cubic  feet  per 
second. 

(3)  The  maximum  practical  control  of  the  balance  of  the  water- 
shed would  not  greatly  better  the  present  run-off  conditions  maintaining 
below  the  lake. 

(4)  The  dependable  power  capacity  of  the  river  below  the  lake  would 
be  reductxl  from  the  present  278,190  horse-power  to  152,970  horse-power, 
of  which  53,000  horse-power  is  already  developed. 

86376— 21J 
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^24  Pfparlmenl  of  the  Intfrior. 

(5)  Practically  no  a«l<liti«>n..l  .Uvclopnu-nt  alM.w  the  pr«-sent  oiwr- 
ited  .apjirity  cutild  !>.•  carrii'<l  out  al  the  oulUts  from  the  Lakv  of  tl.e 
VViKxl-*  without  ihc  ,i(l<lition  of  sli-ani  auxiliary. 

(h)  Thi-  pr.Miit  „»^latlation  in  the  (ity  of  Winniix'U  municipal 
plant  at   I'oint   du   Bois  could  not   hv  op<raH-.l  durinK   ih.-  luw-waler 

StMlMin.  . 

(7)  The  priM-nt  d.-iH-ndal.l.-  oiitjuit  of  the  WinmiKK  l-.U<lnr 
Railway  Conipany-H  plant  on  ilie  I'inawa  chann.l  would  !«•  cut  d.jwn 
by  10,000  hor>^'-pf>wer. 

l-FKKfT   OF   SYSTKMUU     Kl.t.l  I.ATION    ON    '"h.   l.AKI     ul     III!     V\(«>1>S, 

Systematic  and  <  umpivtiensive  regulation  for  power  pur|H.>es  on  the 
1  akc  of  the  VV.mhIs  bax-*!  ui)on  the  detailed  an.l  reliable  d.l.i  now  in  the  posses- 
sion of  the  enKineers  ..f  the  I^omininn  Water  Fo-  Mranch  as  a  result  of  the 
power  and   stor-m^e  ittveMi^ations  earrie.l  on   ii     1   ■  b.isin,  will  result  in  the 

follow! UK :  - 

(1)  The  present  mininnim  outflow  fnnn  the  lake  may  U-  increa^-d 

to  12,000  cubic  feet  \wr  second. 

(2)  A  minimiiiu  How  of  20,0m)  cubic  feet  jht  second  will  be 
ensuretl  in  the  power  reach  in  Manitoba. 

(Ti  The  de|)cndable  |xjwer  capacity  of  the  river  below  the  l.tke  will 
be  Incn-astHl  tiom  the  preset  t  278,1'>0  horse-jx-wer  to  483,.SO0  horse- 
power. .      .      J       1 

(4)  The  flow  from  the  out  his  of  the  lake  will  |K-rmit  the  dcM-lop- 
menl  of  14,.<60  dependable  horse-[K.wer  in  addition  to  the  power  now 

in  use  i  'lere.  _  ,      .       i        i 

(5)  The  Winnipeg  n.unicipal  plant  at  I'oint  du  Bois  can  Ix-  (leve!oi)ed 
to  the  maximum  capacity  of  i's  designed  installation. 

16)  The  W'iii.iii>eg  HIectru:  Railw.iv'  Company's  plant  on  the  1  maw  i 
channel  will  have  at  all  seasons  ample  water  to  fully  operate  its  entire 
installation 


OlITSTANDIN'i 


l.-K.Vrt'RES     R!'I..\T1V1.     TO     RlCCM-.VTrON     <  «N     Till 
WOODS. 


HKl      OF     TlllC 


In  addition  to  the  foregoing,  the  following  general  features  are  particularly 
pertinent  to  the  question  of  regulation  for  pf)wer  purposes:— 

(1)  The  L.ike  of  the  WjkkIs  is  tlie  obvious  and  most  natural  reservoir 
for  the  control  and  regulati-n  of  the  river  below.  With  simple  repairs  and 
impruvements  to  the  present  outlet  structures,  the  lake  tonus  a  perfect 
and  rea.ly-niadc  reservoir,  in  sha()e  for  instant  and  complete  regulation 
purposes. 

(2)  The  lake  has  been  subject  to  artificial  regulation  sine  the 
construction  of  the  Norman  dam  in  1895,  and  partial  regulation  since 
1887. 


H'i««i/>ft'  Kiver  J'tniit  iiui  .Struuii>  /Mrci/njrt/jowv 


J25 


C^  Maint.iininn  a  uniform  l<v<l  <,n  the  l,ik>  would  h.ivi  tlu-rfTprt 
of  entirely  rz-movinn  it  from  the  uatershed  in  wi  l.ir  .is  its  dUit  oit  ami 
relation  to  the  run-«)tf  ami  |Kmcr  of  the  riviT  !-•  <i)ntiTmHl,  uml  wnuld 
greatly  aorntuate  th.  HfKxl  Hows  \sliiih  haw  h.in  «x|K-rii'iniHl  in  the 
past  iKjth  hitore  ami  siiid-  the  in-.titiition  ol  thr  prcMiit  riKulalion  on 
the  lake,  ill  other  wonU  trie  natural  reKulatinm  itif'iienre  of  the  lake 
would  be  de>troye<l. 

(4)  The  «a/«fu/ reKulatinK  iiifhienrc  of  the  lake  will  ii..t  Ik* destroyed 
by  systematic  resulati  <n,  but,  on  the  (untrarv,  will  be  at  lihiially  {K-r- 
fert.d,  .ind  that  at  a  less  range  in  lake  level  than  ha>  ociirretl  under 
natural  conditions  of  riio  ulT. 

(5;  The  lake  levels,  if  systeniatieally  c  trolled,  will  not  be  subjfCt 
to  the  extremes  and  ittegularities  which  li,i\e  In-en  ex[>erieii"  ixi  in  the 
past  Kxtrctne  low  water  will  be  n<H-essary  only  at  intervals  .f  several 
years. 

(6)  Kxperiences  in  the  operation  of  existing  hydro-electric  develop- 
ments IkIdw  the  lake  show  that  a  more  systemati.  re({iilation  ot  the  lake 
than  i?<  now  in  practice  is  necessary  to  the  projKT  ojMTation  ol  present 
installations. 

(7)  The  ise  of  the  Lake  of  the  \V(M)ds  is  essential  to  the  ultimate 
stora>je  and  control  |)olicv  which  must  Irr  instituted  for  the  |)r,)[)tr 
conservation  of  the  river  resources  as  contemplated  by  the  Dominion 
Water  Power  Branch,  and  co\ere(i  in  t'lis  re|K)rt. 

A  review  »(  the  foregoing:  enii)hasizes  how  essential  to  present  and  future 
power  development  and  joiUiAiulent  industrial  development  in  this  district,  is 
the  question  of  an  adequati'  "gulation  nf  the  surface  levels  of  the  Lake  of  the 
Woods.  The  lake  is  from  its  straitK'ic  location  and  its  exceptional  surface 
area,  the  controlling  and  essential  nstr\(>ir  for  any  conservation  scheme  of 
stcrpgeorrun-otT  control  which  may  be  instil iiied  in  the  wateishetl 

A  c.ireful  studs  of  past  runoff  records  fr^in  the  basin  proves  that  a  storage 
range  oi  at  I ea^!  five  feel  on  the  lake  is  necessary  to  ensure  an  adetiu.ite  regula- 
tion of  itsoMiHow  in  the  interests  af  ail  [xiwers  on  the  Winnipeg  riv.  r,  Other 
interests  con.  crncd  woi  i  recjuire  tli.it  such  range  shouhl  preferably  i'c  as  near 
the  upjx'r  litifitsof  'ake  level  as  p^i-  Me. 

It  is,  theref' ■  .  from  the  power  vie  ".int,  entirely  impossible  to  agree  to 
the  suggestion  ti  t  the  lake  of  the  Woods  be  maintained  continuously  at  one 
uniform  surface  level.  Regulation  on  the  lake  between  fixed  limits  is  essential 
to  the  conservation  of  the  power  resou'ces  o:  the  watershed. 
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DOMINIOM    WATER     POWER    KRANCH         ^LATC  No   se 


J  R  CHALLiCS,  9U^MlNTeN0«NT 


LEGEND 

©  Pow«r  ovoiloble   with   NO    regolaTion    permitted 

on   LaKe  of  the  Woods 

Power  ovoiloble  under  PRESENT  INCOMPLETE 

regolototion   on  the    Lake   of  the  Woods . 

(3>  .Additionol  fxjwer  ovoiloble  under  o  PROPERLY   CONTROLLED 

System  of  regulotion  on  the  Lake  of  the  Woods 


Conaporison  of  TOTAL  POWBRovoiloble   under  the  obove 
conditions  of  regulation  on  the    LoKe  of  the  Woods 


® 
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37^00  ^e 
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NOTt-    Power   given   in  terms   of   24  hour  M  P  of  75;i  efficiency 

DIAGRAM 

•  HOWING     THC 

INFLUENCE    OF    THE    LAKE    OF    THE    WOODS 

OH     THC 

DU    BONNET    FALLS    POWER    SITE 

ON     THt 

WINNIKG    RIVEN 

To    accompany     RE^OWT    on     POWCN    A    STOMAOIt     I N  VESTIOATIONS 
by    t.  T.  MMMeTON    ■.  •.  Sc. 

Pek.  1    I*!* 
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PLATE  No.  M 


DOMINION    WATER   POWER    BRANCH 

J    •    CHALkllt.ftUrtniNTCNDCNT 


lOOOOO 


Pin.  !  Du  M"^-  lLS»i«rJu«:  .«,.SI«ve  W-pig  Whito  k)ufWo(^  Wvu  Ijpptr 
Falls  |Bonnet,Arthur|Sist«HS,stars;  Falls  MumP>  Dog  IL^HwIe  Ry  !Prna« 
Site  i  Site     Site  i  Site      Site     Site    Plant    Falls  i  Wbodsi  Plant    Site 
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LEGEND 

©  Power  available  with  NO  regulation  on  the  Lake  i 

t  Ftewer  available  ijnder  PRESENT  INCOMPLETE  reg.  on  the  Lake  I 
Additional  power  available  under  a  srsTEMATiCALLv  con- 
trolled r-egulation  on  the  Lake  [ 
Power  already  developed  I 

Comparison  of  TOTAL  POWER  under  the  above 

conditions  of  regulation  on  the  Lake 
®^ 

(2)  MM  iJit4»90H.P  I 

NOTE  -Power  given  in  terms  of  24  hour  HP.  at  75%  efficiency 
DUCiRAM 

•  MOWING      THk. 

INFLUENCe    or    The    LAKE    OF    THE    WCODA 

ON      CACM     or     THE 

AVAILABLE  POWER  SITES  ON  THE  WINNIPEG  RIVER 

■eiOW    THC    LAKE 

Te    •ecoinpany    RSPORT    on     FOWEK    «    STOKASK     lNVSSTI«ATIONm 
by     1    T    jOMNSTOM     •.  A.  Sc 
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APPENDIX   I. 
REPORT  OF  J.  B.  McRAE,  C.E.,  CONSULTING  ENGINEER 

Booth  Bcilding,  Ottawa,  S^.'ptenibfr  27,  1915. 

J.  B.  Challies,  Esq.,  C.E., 

Superintendent  of  Water  Powers, 
Dominion  Water  Power  Branch. 
Ottawa. 

Dear  Sir, — In  the  summer  of  1911  the  Dominion  Water  Power  Branch 
began  a  systematic  investigation  of  the  power  possibilities  of  the  Winnipeg 
river  in  Manitoba.  This  work  is  now  complete  in  as  far  as  has  been  necessary 
to  map  out  a  comprehensive  scheme  of  water-power  development  and  enunciate 
a  general  policy  for  the  proper  control  of  the  same,  with  due  regard  to  future 
storage  and  regulation  of  the  run-ofT.  The  history  of  the  investigation, 
together  with  results  and  recommendations,  may  be  found  in  the  accom- 
panying report  of  Mr.  J.  T.  John-ton,  hydraulic  engineer  of  the  Water  Power 
Branch. 

The  value  of  such  work  cannot  be  overestimated.  For  proof  of  this,  many 
cases  of  failure  can  be  pointed  to  when  works  have  been  undertaken  without 
sufficient  data  to  warrant  the  large  expenditures  made.  On  the  other  hand, 
there  are  cases,  though  not  so  numerous,  where  power  possibilities  have  been 
underestimated  and  future  extensions  thereby  made  more  expensive  than  they 
otherwise  would  have  been.  Apart  from  the  above,  it  is  of  interest  to  note 
that  both  during  the  progress  of  the  work  and  since  its  completion,  your  depart- 
ment has  been  able  to  dictate  conditions  and  give  sound  engineering  advice, 
both  of  which  have  been  cheerfully  accepted,  to  applicants  for  power  privileges. 
The  Winnipeg  river,  situated  as  it  is,  is  a  heritage  which  should  be  safeguarded 
against  irresponsible  and  unguided  private  enterprise.  Plate  No.  1  illustrates 
the  relation  of  this  great  source  of  power  to  the  city  of  Winnipeg  and  surrounding 
count-  A  ;tudy  of  table  1  shows  the  power  available  and  estimated  costs  of 
samt  Th  .  costs  have  been  worked  out  separately  for  each  development. 
The  bw^.s  oi   which  the  estimates  are  made  is  treated  on  pages  1«2  and  \S^. 

Attention  is  also  directed  to  the  "recommendations,"  pages  10,  and  11. 
"Recommendation  10"  is  of  particular  importance,  and  it  is  to  be  noped  that 
the  department  will  be  allowed  to  keep  up  the  good  work  and  extend  ^amc  along 
the  lines  recommended  here. 

These  investigations  were  the  first  of  their  kind  to  be  taken  up  by  the 
Doiuiaioii  Government,  and  it  is  fortunate  that  they  fell  into  such  competent 
hands  as  your  assistant,  Mr.  Johnston,  to  whom  credit  is  due  in  large 
measure  for  the  excellent  results  obtained. 
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Department  of  the  Interior. 


These  results  have  made  it  |xjssil)le  to  work  out  the  comprehensive  scheme 
of  water-power  development,  already  referred  to,  to  the  maximum  extent  of  the 
unusual  natural  ix)wer  i>ossil)ilities  of  this  river.  Your  ilepartment  is  now,  and 
has  been  for  sometime,  in  a  i«)sition  to  dictate  reciuirements  for  power  develop 
ments  wliich  will  conform  to  this  scheme  and  ensure  the  complete  development 
of  the  river  to  the  Iwat  possible  advantage. 

The  navigation  features  have  l)een  worked  out  entirely  by  Mr.  Johnston, 
and  are  satisfactory,  not  only  from  a  navigation  standt)oint,  but  also  from  the 
power  point  of  view.  It  is  very  satisfactory  to  record  that  the  engineers  of  the 
Dominion  Department  of  Public  Works  h.ive  api)roved  of  the  scheme  in  so 
far  as  navigation  is  concerned  throughout  the  entire  power  reach. 

Before  closing,  the  writer  wishes  to  endorse  the  report  and  reconmiendations 
without  riualifuation;  he  also  wishes  to  express  his  thanks  to  yourself  for  the 
many  courtesies  extended  during  the  time  he  has  acted  as  consultant  to  your 
department. 

Yours  faithfully, 

J.  B.  MtRAP:. 

M.  Can.  Soc.  C.E. 
M.  Am.  Soc.  C.E. 
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(l)l     IKINNI  r    l'(H\IK    sill;). 

ThfWiniiiiH'K  River  Power  Ctimpany' has  at  preMiii  cndir  w.i\  tlic  distluii- 
inoiit  of  till-  Dii  Honiiit  >iU'.  Iliis  is  ihc  f\r>t  |«mir  iiiulerlakinn  tu  a((iiiiri' 
rinliis  and  CDiiuiU'iiri'  cuiistrui  titin  o|M-rati<ins  on  tin-  rixer  since  ilu-  nr^Miii/ation 
of  the  |X)wer  survey,  and  it  serves  as  an  excellent  ilkistralion  of  the  iiianiur 
in  which  the  interest  of  the  investor  and  of  the  i)Ml)lii  are  served  hv  a  c.irefiil 
and  thorouKli  invcsti^tation  of  a  river's  |K)wer  resources,  ami  liy  .1  pre-<liierniiiu(l 
scheme  of  |)ower  development  conservinR  fully  all  economically  developal)le  head. 

In  the  ca-M'  of  the  undert.ikinK  under  tli^cussioii,  the  surM-ys  of  the  depart- 
ment enaliled  the  Winnipeg  River  Power  Conip.un  to  t.ike  inimedi.ile  action 
towards  the  construction  of  the  project,  as  soon  as  the  authority  for  the  same 
was  secured  from  thi-  department,  without  the  necessity  of  carrvin^;  on  lonj;  ,ind 
ex()ensive  prelimin.iry  surveys. 

The  interests  of  the  public  were  served  l>\  the  preservation  of  ,1  ijrolit.ihle 
power  site  at  the  McArthur  falls,  which,  under  the  first  proposals  of  the  comp.my, 
would  have  Ijcen  rendered  uninonomical  of  develoimunt. 

The  company  has  acce|)ted  the  es.sential  fe.ilures  of  the  departmental 
concentration  at  Du  Honnet  falls  as  set  out  herein,  i.e.,  the  hiMil-  and  tailwatcr 
levels,  the  Whitemud  falls  addition,  the  discharging;  capacity,  and  the  general 
reciuirements  as  to  stability  of  dam  and  contingent  structures.  Detail  soundings 
and  examination  on  the  part  of  the  <-om()any  of  the  riser  channel  at  island  No.  2, 
3,000  feet  below  the  Little  du  Bonnet  f.ills,  <liscl(»sed  a  distinct  submerged  rock 
ridge,  presenting  such  favourable  features  as  to  warr.int  the  location  of  the 
layout  at  this  {K)int.  The  principal  consideration  in  adopting  this  location  in 
preference  to  the  site  at  the  falls  is  the  freedom  which  will  be  secured  from  ice 
troubles  in  the  tail-race.  This  will  In-come  more  evident  when  the  Wliilemud 
cut  is  made  and  a  10-ftHjt  lowering  of  ihc  tail-race  takes  place. 

The  development  of  the  Du  Bonnet  power  site  under  the  name  of  the  (Ireat 
Falls  development,  forms  a  comiwnent  link  in  the  complete  scheme  of  hydro- 
electric development  which  has  been  laid  down  as  a  result  of  the  departmental 
power  investigations,  and  by  which  it  is  intended  that  the  entire  power  resources 
of  the  Winnipeg  river  in  Manitoba  will  be  fully  conserved. 

LAYOUT. (') 

The  general  layout  (Plate  87)proposed  consists  ofajxjwer  station  spanning  the 
channel  to  the  left  of  island  No.  2,  tied  in  to  the  left  river  bank  by  a  non-overtlow 
concrete  dam,  900  feet  in  length  and  with  top  elevation  at  816.     The  power 

_  *The  W'innil»eK   River  Power  Companv  Ifl  controlled  by  the  lame  tntereats  an  control  the  Winnipeg  Elf<  trie 
Railway  Conipanj'. 

'The  greater  iKirtion  of  the  data  relative  to  the  layout  and  equipment  have  been  aecurci  from  the  plans  and 
reports  tiled  in  the  department  by  the  Winnipeg  River  Power  Company. 
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jiowfr  station.     SimhIo).  *  (.ntrol  i.^  (  ont.ni|il,itr(l,  and  doiilil 


I  he  ciin'wall  finli.iiikniint  n 


I'  K'li'is  arc  pruv  idi  (| 
inncdiiiv  the  s|,i||wa\  •section  o|  the  dam  with  ihc 
'ii<n  ground  on  tiicriKJii  mn.  rl.aiik  ha-a  I"  f.Hil  io|,wi,h  2:  1  slop.-,  ih.  conwall 
lifiiiK  lioiidcd  to  the  Udn,  k.  The  d.iin  is  (onlii  cd  as  a  sohd  iion-o\crliow 
;*ecti(>n.  Wi)  fed  in  U•n^;th  with  top  at  clc\alioii  M.,.  joinitiK  the  |Hiwer  st,,ii,,.i 
with  the  left  hank.  Tile  I- mnd,,  i  ion  coiulitioiis  throii«houf.  so  i.ii  as  tluv 
have  lie.  n  ddiiiitcly  iiivcM      iied,  show  a  tinii  ({raiiite  liedrot  k 

'Poutr  station.  The  pi  lu,  of  ihe  p,,».  r  stati  •n  as  at  pr.'scni  siiliiniiied  io 
the  departineni  ma-  he  revis«-d  hot!)  as  to  i.iyoui  and  install, iiion,  prior  to  the 
C(jnimeiu-enieiii  of  construct  ion  operations.  The  st.itioii  as  now  designed 
provides  for  llie  ultimate  uiili/ation  of  the  entire  regulated  rixer  flow,  and  will 
install  eiyht  il.OOOdiorsepowir  lurhines.  each  rimning  at  .i  speed  of  l(>.<-.< 
revolutions  per  minute,  and  re-|uiriiiK  4. KM)  cul.ic  feet  of  water  per  second  when 
operatinK  umler  a  head  of  .Sfi  feet.  Tliese  turhines  will  he  of  the  four-runiur 
horizontal  shaft  tvpe,  and  will  he  placed  in  pits  formed  in  the  concrete  siih- 
slructure. 

Adjacent  to  the  turhine  pits,  in  the  (iowiistream  direction,  is  the  Keneratiiin 
room,  ill  which  are  loc.ited  the  electric  miierators,  exciters,  and  turhine  jjovernors. 
All  apparatus  re(iuirii)n  atteiidaiK c  .iiid  adjiistinent  are  thus  placed  close  to.,;,  t her, 
and  hence  (.ill  rc(|uire  the  iiiinimmn  o|MTatinK  sl-'lT.  The  Ki'"eratinn  nM»ni, 
iK-ing  on  the  downstre.im  side,  will  li.ixe  ample  liy;ht  and  ventilation. 

Located  on  the  level  .ilMive  the  tiirhiiic  pits  and  the  generating  room,  are  the 
low-  and  hinh-tension  switch  rooms  .tnd  the  tr.iilsformer  hanks.  The  low-  and 
high-tension  switching  app.ir.itils  h,is  heen  m.  .irranged  as  to  permit  all  switching 
operations  lo  he  carried  out  in  the  most  diiei  I  iiiaiiner  and  in  the  shortest  possihie 
time,  and  also  to  provide  the  most  direct  system  of  connections  from  geiu'rators 
to  transmission  lines.  On  the  s.ime  level  are  also  located  a  storage  hattery 
room,  and  locker  ,ind  rest  rooms  for  the  o[)er.iting  staff. 

On  the  generating  room  level,  at  tlie  shore  end  of  the  station,  is  the  nudiiiie 
shop.  On  the  control  room  level,  directly  ahove  the  machine  shop  and  r.iilro.id 
track  in  the  generating  room,  a  large  room  for  stores  is  [jrovided. 

,^i,J,Vh°',V".*"'  "'"'I'"  ""iulc  by  thr  companyenginwrH  ontcmplatr  jingle  runner  vertical  turhinet.     If  iii.»  ar 
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On  the  roof  levels  are  located  the  liKhtninR  arresiors,  horn  gaps,  choke 
coils,  air  brake  switches,  and  terminal  towers  for  the  transmission  lines. 

A  railroad  track  will  run  to  the  generating  room  floor  and  extends  to  the 
rear  wall  of  the  house,  with  iiatchways  alK)ve  in  the  floors  of  the  storeroom  and 
screen  rcMini  for  elTectively  handling  apparatus. 

Provision  is  made  for  steam-heating  plant  capable  of  maintaining  pro|KT 
teniiK-raiure  in  the  screen  room,  generating  room,  switch  nnnns,  offices,  control 
room,  etc. 

Plates  S7  and  88  show  the  layout  and  section  of  the  power-house. 
Head  Gates. — Kach  unit  will  be  provided  with  two  vertical  oiK-rating  steel 
headgates,  arranged  with  rollers  to  minimize  friction.    Kach  gate  will  be  19  k^ct 
wide  by  26  feet  high,  and  when  fully  oix-n  will  pass  a  flow  of  4,100  cubic  feet  of 
water  pir  second,  at  a  velocity  of  approximately  4-5  feet  |)er  .second. 

Provision  will  be  made  for  stoplogs,  outside  the  screens  and  gates,  affording 
ready  access  for  inspection  and  repairs. 

Screens.  -Screens  consisting  of  heavy  steel  bars  supjiorted  on  a  steel  fr.niie- 
work  attached  to  the  substructure  will  be  provided  for  preventing  tk-bris  from 
entering  the  wheel  pits. 

Provision  is  made  for  cleaning  the  screens  by  reversing  the  direction  of 
flow  of  the  water  and  discharging  the  debris  through  drains  to  the  tail-water. 
Water  Wheels  or  Turbines. —Kiich  unit  will  consist  of  two  double-runner 
horizontal  turbines  in  t.mdem,  and  direct  connected  to  the  electric  generator. 
Hydraulic  governors  Iocate<l  in  the  generating  room  will  control  the  spe<"d 
of  the  machines. 

Electric  Generators. — Kight  electric  generators  are  pro\iiled,  each  to  be  of 
11,000-kilowatt  capacity,  nomial  rating  at  .^O"  Centigrade,  with  continuous 
overload  capacity  of  50  jx'r  cent.  These  machines  will  generate  tiiree-()hase. 
60-cycle  alternating  current  at  12,000  volts.  Individual  exciters  will  be  provided 
for  each  machine,  direct  connecte<l  to  the  shafts,  and,  in  addition,  an  auxiliary 
motor-driven  exciter  will  be  provided  and  so  connected  that  it  may  be  sub- 
stituted for  any  of  the  direct-connecte<l  ivciters  in  case  of  breakdown. 

Transjormers. — Five  banks  of  transformers,  each  consisting  of  three  single- 
phase  transformers,  will  be  provided.  Kach  transformer  will  l)e  of  6,000-kilowatt 
normal  rating  capacity,  and  so  de'signed  as  to  safely  withstand  a  continuous 
overload  of  50  per  cent.  The  low-tension  vol'age  will  ha  12,000  volts,  and  the 
high-tension  voltage  will  be  110  000  volts. 

.Switch  ill  SI  and  Protective  Equipment.  The  low-tension  oil  break  switches, 
and  all  disconnecting  switches  will  be  motor  o|K'rated.  All  disconnecting 
switches,  instrument  transformers  and  busses  on  the  low-tension  circuits  will 
be  placed  in  concrete  structures.  The  bus  reactances  will  be  placed  in  enclosi-d 
[Mjckets  with  doors  opening  into  the   low-tension   switch  room. 

'l"he  high-ten  ion  switches  will  be  of  the  oil  break  solenoid  tyiu-,  I'nclosed 
in  iron  tanks  and  placed  directly  on  the  floor  of  the  high-tension  .switch  mom. 
The  lightning  arresters  will  be  of  the  electrolytic  type,  enclosed  in  iron 
tanks  and  located  on  the  floor  of  the  lightning  arrester  hou.sc. 

The  system  of  electrical  connections  provides  means  of  connociing  any 
generator  to  any  transformer  bank  and  line. 
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PROPOSliD    INITIAL   GENERATIN(;   INSTALLATION. 

The  initial  development  will  consist  of  four  coniplcfc  units,  viz.,  turbines, 
generators,  transformers,  and  switcliiuK  etiuipnient.  Tin-  hvdraulic  develop- 
ment will  include  dams,  sluices,  buildin).,',  nates,  etc.,  for  the  ei^ht  units,  all 
sufficiently  completed  so  that  any  of  the  lour  remaining  s;eniTatinjj  units  pro- 
vided f<ir  may  he  installed  without  fiirtlicr  cunstruction  work,  e.vcept  on  tlie 
installation  of  the  units  themselves,  which  may  lie  done  at  a  minimum  ixpense, 
and  in  the  least  time. 

AVAII.AIII.i;    I'OWllR    OlII'IT. 

Without  re^ulatitm  at  the  Lake  of  the  Woods,  the  maximum  diM-harjje  of 
the  Winnipeg  ri\cr  in  abnormal  vcars  has  reached  0(),(Ml()  cubic  feet  jH'r  st'cond, 
and  the  minimum  discharfje  12,(1(10  cubic  feet  per  second  for  three  or  four  weeks 
in  the  year.  The  aver.i^'e  run-olf,  from  s;o\ernment  n-cords.  is  45,(100  cubic 
feet  per  second  for  high-water  and  16,(H)0  cubic  feii  |)(t  second  for  the  low- 
water  period. 

The  reservoir  created  by  the  dam  at  island  Xo.  2  will  h.i\e  an  area  of 
1,9.^5  acres  at  elevati<m  808,  the  crest  of  the  dam,  and  l,60(t  acres  at  elevation 
806  (two  feet  below  the  crest  of  the  dam),  thus  furnisliini;  .i  reser\i'  supply  of 
water  of  approximately  145,000,000  cubic  feet,  tvpiixaii.'nt  to  1,^,000  cubic  fret 
per  second  for  three  hours.  This  reserve  will  produce  50,000  horse-power  for 
three  hours  every  day,  in  addition  to  the  river's  suppK',  t.iken  at  the  rale  of 
16,000  cubic  feet  jH-r  second.  .\t  46-foot  fall,  thi.-  i.iie  of  How  will  produce  66.000 
horsi'-power  constant,  and  for  thric  hours  the  output  m.i\-  lu-  incriMsed  t(.' 
110,000  horse-power.  The  same  w.ilcr  opiratiiii;  under  56  feet  head,  inviKinf; 
the  excavation  of  the  Whitinii'd  tails  canal,  will  produce  a  constant  82,000 
horse-power,  and  for  three  hours  an  additional  6.5, (100  horse-power,  a  total  for 
three  hours  of  145.000  horse-])ower. 

A  regulated  flow  of  al  least  20.000  cubic  feet  per  >econd  miniinunt  can 
readily  be  secured  b\  proper  control  of  tiie  u|)per  watershed,  while  a  higher 
flow  is  also  fe.isible. 

U|K)n  the  basis  of  25.000  cubic  feci  per  secontl,  there  will  be  a\  .lii.itile  under 
46  feet  he.id,  Whiti'nuid  falls  canal  not  ex(a\,i:ed,  a  con>t,int  90, 000  liorM- 
power,  and  50,000  horse-power  ^iddiiinn.d  lor  three  hours,  or  a  tol.il  pi  ak  in, id 
cai)acit\'  of  140,000  hor.~e-piiwir. 

By  utilizing  \\  liiti'nuid  f,ili>  cinal,  the  he.id  is  iii(T<aMd  to  56  h-ei,  and  (he 
power  a\ail.d)Ie  will  iifconi''  con-liiu  110,000  horsi-power,  .mil  ()<,()00  llor^e- 
powiT  addition. il  for  ihrt-e  houi'^.  m  .i  lot.d  i)e.ik  loail  cip.icitv'  ot  I  7. <.(•()(•  Iiiir>e- 
power. 

The  load  factor  at  Winnij)eg  is  between  60  per  cent  and  62  f>er  cent,  ..ml 
under  tiiese  conditions  the  pe.ik  lo.id  period  could  be  extendeil  to  torn  hours 
without  shortage  of  water. 

TK.WSMISSION    lim:s. 

.•\  iliiuble  circuit  transmission  line  will  connect    the  plant  direct   with   the 
step-down  substation  at  Winnijjeg,  about  ^0  miles  disi.mt. 
S.k57()--22 
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Thi'  \\m->  will  Ih-  tlin-o  phasi-  and  supimrlcd  on  structural  sltfl  liiwfrs, 
54  tV(  1  liiKJi.  Tlu-  insulaiur  will  Id-  of  |M>r<c-lain  and  di-signi-d  for  ultiniati'  o|KTa- 
tion  of  till-  lines  at  1 1(»,(M)()  volts. 

Towers  of  s|H'rial  desinn  will  Ik-  pro\i(lfd  at  railw.ix'  and  rixiT  crossings, 
and  otliur  locations  where  necessary. 

A  second  double  circuit  line  will  Conner'  the  iM)Wt'r-house  with  the 
present  plant  at  I'inawa,  thence  over  the  existing'  lines  to  \Vinni|M'g.  The  loni- 
pany  will  thus  have  the  advania>{<'s  of  a  douhle  i(«)p  connection  l>etw»-en  its 
sources  of  power  and  the  consumers,  assuring  continuity  of  service. 

KsllM.V'IlS   OK    (Itsr. 

The  cost  estimates  have  been  prepari^d  fur  thrtt-  ste|)s  in  development; 
thi'  first,  includiiii^  four  units  and  utili/inu  4(>  let't  Iu.kI;  the  second  including 
eight  units  and  utdiziiig  4(>  leet  lie.id  ;  and  ihe  third  including  eight  units,  and 
utili/ing  Whiteniud  (alls,  giving  .s6  feet  head.'  Tlu'  total  capital  cost  of  construc- 
tion at  the  site.  ,iiid  nut  including  iransiuission,  is  estimated  l)v  the  rompanv's 
engineers   at    .85,4,S(),0(M),    S=i,»«)2.(MM).    and  S6,7()7.(MM)   for   the  three  respe<'ive 

St»  |)s. 

The  preliniinarv  engineering;  iiivi'siigaiiniis  carried  out  by  the  Winnipeg 
River  Power  ('omp.inv  were  made  bv-  the  J.  (i.  White  Kngineering  Corporation 
of  .New  York,  bast_d  upon  field  plans,  and  i-ngineering  data  furnished  by  the 
nonunion  Walir  Power  Hr.inch,  and  a\iunuiUi-d  b>  fiirthet  detail  work  in  the 
held  oti  the  part  of  the  t'uniiiiiny.  'I'he  tinal  analysis  and  design  preparatory  to 
commencing  actual  consiruciinn  operations  is  being  devclciped  by  the  Pearson 
Engineering  {*ori)oralion.  Limited,  of  Ni'W  ^'ork  and  T'  iito;  Mr.  1,.  \.  Hirt, 
CK.,  \"ice-President,  with  Mr.  M.  Harivvill,  engineer  in  charge  of  design  and 
construction  at  \Vinni|)eg. 


'Thc^'  «'>iini.it<";  tiirni-h  .111  .a.  til'  in  .  tu'«  k  on  t\w  c-'.iniati's  of  the  l)ii  HtHinrt  sif.  .(.IMM)  irvt  up-trcam,  ami 
IifiiM'  '.n  tin'  t-tilli.'f' '  sutinmn'il  hi'f.  ;n  '"\tniii;  ill'-  oilu'r  T>r"i'<i-«il  [M'WtT  i  on*  fntT'illons  oil  til*'  river  Tlir  I)u 
Itotiii'-t  ''ill-  involvi'^  Um'  -  UN''  lii'.i'i-  .iD't  I. Ill  watt  r  rlt'\  .itiiiii-  .1  t!i.'  i-lanti  No.  J  siti'.  The  total  *o-t  ot  tiie  ultimate 
(levfloi'iiifnt  i-t  S't.7it7.mMi,  .1' '  t.r'linu  to  the  tiuuie--  tit  the  '  .''iii'.ini  -  timineer".  .uiti  ai  oi'poseil  to  the  'l''itartMient.il 
ei'tini.U'    "I  %t,  5^1  WMl  tor  the  I  Iti   Itomiet  "ite. 
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AIM'KNDIX   III. 
GEOLOGY  OF  THE   WINNIPEtJ   RIVER    BASIN. 

Hy  CiiVKi  I -.  (AMsi  1 1 ,  H  Sc,  IMi.f). 


IvrKODI  1  HON. 

'Ilic  foilnwiiin  rf|H)ri  III!  the  ){fol<>K\-  (if  tht-  \Viiini|MK  Kivcr  l»a^iii  i-.  luinpilfil 
frum  the  rtporth  of  oIHhts  of  tlit-  ( liolojiic  al  Siirviv  who  have  at  tliriiTenl 
tinu'!*  (JiirinK  the  last  thirty  yi-ars  ri'iiorttil  on  various  |xjrtion»  of  the  basin. 

For  niort'iletailiddi-MTiptiotis  of  certain  [xirtionsof  thf  (Hstri(  I,  the  fuilowinK; 
rc|»<)rts  should  l»c  consulli-d: 

Lawson,  A.  ('.  On  tin-  Lake  of  tin-  W'imkIs  r«■^;i■ln,  with  spt-ci.il 
rcfcronte  to  thi-  Kiiwatin  Ucit  of  tin-  Anhtan  ntiks.  Annii.il  Kt|K)rt, 
Oeol.  Surv.  of  Ian.  vol.  I.  18H5,  pari  (  ('. 

Imu'soh,  a.  C.  -Rc|K>rt  on  the  CJeolov.\  of  the  Kainy  Lake  region. 
Annual  Rc|)ort,  Geol.  Surv.  of  Can.  vol.  iii,  KS,S7-HS,  p.irt  K. 

Afclnnes,  IV. — Reiwrt  on  the  (ieoloKV  of  tlie  ari.i  covered  by  the 
Seine  River  anrl  Shebandowan  Map  Sheets,  (diuprisiiiK  |M)rtions  of  Ruiny 
River  and  Thunder  Hay  districts.  Annual  Rejiort,  (iool.  Surv.  ot  Can., 
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GKNERAI.    PtIVSK  AI,    KKjVTURES. 

The  basin  of  the  Winnipeg  river  lies  f)n  the  southwestern  bo.iler  ol  the 
greatest  of  the  main  physiographic  provinces  into  which  Canada  is  naturally 
divisible,  namely,  the  Laurentian  Highland,  or  as  it  has  sometimes  been  called 
the  Canadian  Shield.     This  province  embraces  the  Labrador  peninsula,  northern 
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Quebec,  northern  Ontario,  and  extends  thence  northwestward  through  northern 
Manitoba  and  Saskatchewan  up  to  the  A  ctic  ocean,  completely  encircling 
the  great  inland  sea  of  Hudson  bay.  .. 

In  the  far  distant  past  of  geologic  time  this  province  formed  the  original 
land  area  of  North  America,  and  to  a  large  extent  the  continent  was  built  out 
to  the  south  and  west  by  the  materials  eroded  from  that  land  area.  It  has 
probably  remained  a  land  area  from  pre-Cambrian  times,  and  has  consequently 
been  continuously  exposed  to  the  eroding  agencies  of  water  and  the  atmosphere 
since  that  period.  Its  present  topographic  features  are  the  result  of  that  history 
and  of  the  glaciation  which  completed  its  history.  Proliably  hundreds  of  feet 
of  its  surface  have  been,  in  the  course  of  ages,  worn  down  and  carried  away 
and  its  surface  has  in  that  time  been  reduced  from  a  mountainous  character 
to  one  of  subdued  and  rounded  outline. 

The  \\  hole  basin  has  been  heavily  glaciated  by  a  great  ice-sheet  which  was 
accumulated  in  the  region  to  the  northeast  and  flowed  over  it  to  the  southwest. 
This  ice-sheet  removed  the  decomposed  surface  of  the  rocks  of  the  region  and 
transported  the  materials  so  removed  across  the  boundary  line  into  the  I'nited 
States.  On  the  retreat  of  the  ice-sheet  the  region  was  left  much  as  it  is  to-day, 
with  its  surface  glaciated  down  to  the  undecomposed  rock.  Over  this  surface 
there  is  generally  a  marked  absence  of  alluvium  or  drift,  and  only  here  and  there 
patches  of  clay,  sand,  and  gravel  of  glacial  origin. 

When  viewed  broadly,  the  topography  of  the  basin  of  Winnijieg  river  is 
that  of  a  broad  plain  sloping  gradually  to  the  west  with  elevations  ranging 
from  about  1,500  feet  above  the  sea  in  the  east  to  710  feet  at  lake  VV^innipeg. 
In  detail,  however,  it  is  exceedingly  irregular  and  broken,  with  an  uneven, 
hummocky,  or  mammillated  surface.  It  is  a  country  of  numerous  rockbound 
lakes  and  muskegs  which  occupy  all  the  lower  levels.  The  intervening  areas 
are  rocky,  sparsely  timbered  hills  which  rarely  rise  more  than  200  feet  above  the 
lakes. 

Here  and  there  areas  of  clay  of  greater  or  less  extent  cover  the  surface  and 
obliterate  the  irregularities  of  the  bedrock  beneath.  The  most  important  of 
these  clay  areas  occur  in  the  vicinity  of  Dryden  on  the  Canadian  Pacific  railway, 
at  Lac  Seul,  and  in  the  region  towards  the  mouth  of  Rainy  river  and  the  southern 
end  of  lake  of  the  Woods.  The  clay  deposits  arc  sediments  that  were  laid 
down  in  lake  basins  formed  at  the  front  of  the  continental  ice-sheet  as  it  was 
retreating  northward  in  the  closing  stages  of  the  Glacial  period. 

The  drainage  system  of  the  Winnipeg  River  basin  is  not  well  developed, 
and  its  streams  flow,  as  a  rule,  in  ill-defined  valleys  that  are  often  merely  chains 
of  lakes  connected  with  each  other  by  short  stretches  of  rapid,  broken  river. 
Except  where  they  flow  ttuough  areas  of  drift  they  carry  little  sediment,  and  this 
they  soon  deposit  in  the  lakes  which  are  perfect  sedimentation  basins. 

Neither  the  Winnipeg  river  itself  nor  its  tributaries  are  well  graded  in  profile 
because  they  are  young  streams  and  have  had  neither  time  nor  power  since 
their  beginning  at  the  close  of  the  Glacial  period  to  cut  deep  or  well-defined 
valleys.  They  are,  as  a  rule,  merely  connecting  links  between  the  lakes,  and 
their  courses  are  dependent  on  chance  irregularities  of  the  rock  floor.  Owing 
to  their  youth  and  feeble  cutting  power,  falls  and  rapids  in  them  are  numerous. 
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The  region  also  is  essentially  a  lake  country,  a  feature  which  is  due  to  the  lack  of 
any  pronounced  general  slope  to  the  region,  and  the  mannnillated  or  huniniocky 
nature  of  the  surface.  These  lakes  ser\e  to  regulate  the  flow  of  the  streams 
and  act  as  conservation  basins,  so  that  there  is  no  great  dilTerence  between  the 
extremes  of  high  and  low  water.  These  characteristics  make  the  w  hole  Winnipeg 
River  system  excellent  for  power  development. 

The  lakes  of  the  basin  are  as  a  rule  shallow  ruck  basins  whose  positions 
and  shapes  have  been  detennined  mainU  by  the  character  and  dis|)<)>ition  of 
the  rocks  in  which  thi  y  have  been  excavated  Lakes  have  been  formed  more 
readily  in  rocks  of  schistose  or  gneissic  character,  because  such  rocks  are  more 
susceptible  to  the  action  of  decomposing  and  eroding  agencies,  than  in  the 
more  massive  granitoid  rocks.  The  shapes  of  the  lakes,  trx),  are  dependent 
very  largely  on  the  strike  of  the  strata  and  the  sirection  of  foliation,  for  after 
decomposition  had  affected  the  surface  of  the  region  to  depths  varying  with 
the  character  and  structure  of  the  rocks,  glacial  ice  removed  the  decomposed 
portion  down  to  the  unaltered  rock,  giving  the  surface  the  irregular  hummocky 
character  that  it  now  has.  The  more  (leei)ly  eroded  portions  were  later  filled 
with  wat'.'r  to  form  the  lakes. 

GEOLOGY. 


The  entire  region  of  the  Winnipeg  River  basin  (plate  89),  with  the  excep- 
tion of  a  narrow  strip  along  the  valley  of  Whitemouth  river,  is  underlain  by 
very  ancient  rocks  of  pre-Cambrian  age.  For  the  purposes  of  this  description 
these  rocks  can  be  divided  naturally  according  to  age  and  com[X)sition  into 
three  distinct  series,  namely,  Keweenawan,  Laurentian,  and  Huronian-Keewatin 
The  first  of  these  is  of  little  consequence,  and  consists  of  a  few  dykes.  The 
second  is  the  most  important  rock  series,  since  it  covers  the  widest  area,  and 
consists  of  crystalline  igneous  rocks  of  granitoid  or  gneissic  character  The 
Huronian-Keewatin  series  includes,  as  well,  certain  rocks  that  are  considered 
to  be  older,  but  the  whole  series  consists  mainly  of  schists  and  sediments  that 
occur  in  detached  elongated  bands  either  <>n  or  intruded  by  the  granites  and 
gneisses. 

Younger  Paleozoic  rocks  of  sedimentary  origin  overlap  the  pre-Cambrian 
rocks  on  the  extreme  western  border  of  the  Winnipeg  River  basin,  but  really 
they  are  of  little  consequence  in  this  region. 

Stratified  deposits  of  clay  and  sand,  and  unstratified  deposits  of  gravel  of 
glacial  origin  are  spread  here  and  there  o\'er  the  surface  of  the  older  rocks. 

The  geological  sjquence,  therefore,  for  the  Winnipeg  Ri\er  basin  may  be 
summarized  in  the  following  table  in  which  the  foimations  are  arranged  in  order 
of  age: — 

I'leistocene  and  Recent I'ni-onsolidated  deposits  of  clay,  sand,  and  gravel,  mainly  of  Klacial  origin. 

(JnJovician Limestone. 

Keweenawan Diabase  dykes. 

l.aurentian Granites  and  gneisses. 

Huronian-Keewatin Schists,  limestones,  slates,  quartzites. 
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Huronian-Keeu'alin.— Rocks  of  this  group  have  a  fairly  wifle  distribution 
throughout  the  basin  of  Winnipeg  river.  They  occur  in  irregular  patches, 
usually  elongated  in  an  east-northeast  direction,  parallel  to  the  strike  of  the 
strata  of  which  they  are  made  up. 

This  group  of  rocks  consists  of  mica,  hornblende,  and  chlorite  schists,  lime- 
stone, slate,  quartzite,  conglomerate  and  various  altered  forms  of  these  rocks. 
The  beds  usually  stand  in  vertical  positions  or  dip  at  high  angles,  and  they 
strike  in  general  in  an  east-northeast  direction.  Though  relatively  hard  rocks 
they  are  much  more  susceptible  to  eroding  and  decomposing  influences  than  the 
granites,  and  consequently  they  often  occupy  lake  basins.  They  are  rocks 
that  have  been  subjected  to  considerable  compression  and  disturbance,  and 
have  thereby  had  planes  of  cleavage,  shearing  or  schistosity  developed  in  them, 
causing  them  to  become  less  resistant  to  disintegration  than  they  might  other- 
wise have  been. 

The  prevailing  colours  of  these  rocks  are  dark  grey  or  green,  and  in  texture 
they  are  usually  fine  grained. 

The  boundaries  of  this  series  of  rocks  are,  as  a  rule,  not  clearly  defined  for 
the  reason  that  they  have  been  intruded  by  the  granites  and  gieisses,  and  a 
wide  contact  zone  of  highly  altered  rock  has  been  formed  as  a  result.  Tongues 
of  the  granite  also  project  into  these  rocks  and  tend  to  obscure  the  sharpness 
of  the  contact  line.  The  patches  of  Huronian-Keewatin  rocks  that  are  now 
found  here  and  there  are  mere  remnants  of  once  more  extensive  sheets  that 
probably  extended  over  the  whole  region,  but  destruction  and  absorption  by 
the  granite  batholiths  and  erosion  have  reduced  these  rocks  to  their  present 
areal  dimensioris. 

Laurentiat . — For  convenience  in  description  in  this  report  it  has  been 
deemed  advisable  to  classify  all  the  granites  and  gneisses  and  other  massive 
crystalline  igni  ous  rocks  under  this  head,  although  it  is  certain  that  many  of 
the  granite  bodies  are  of  later  age  and  are  intrusive  into  the  true  Laurentian. 
These  rocks  co\er  a  greater  ar.  t  in  the  Winnipeg  River  basin  than  those  of  any 
other  age  or  formation.  They  might  be  said  to  form  the  basement  on  which 
all  the  other  geological  formations  of  the  region  rest,  or  in  which  they  have 
been  sunk. 

These  rocks  are  ah  of  igneous  origin,  and  have  crystallized  out  from  fusion, 
some  in  massive  form  and  others  in  which  a  gneissic  or  foliated  structure  has  been 
induced.  The  commonest  variety  of  the  massive  form  is  a  true  granite  contain- 
ing quartz,  feldspar,  and  mica.  In  texture  they  are  crystalline  and  of  medium 
to  coarse  grain.  Some  phases  have  a  pronouncer  nhyntic  habit,  with  indi- 
vidual crystals,  sometimes  several  inches  long.  .  other  varieties  the  mica 
is  replaced  by  hornblende,  either  wholly  or  only  in  part.  Basic  dark-coloured 
phases  of  the  massive  varieties  also  occur,  but  they  do  not  cover  wide  areas. 

The  gneissic  varieties  of  the  Laurentian  are  of  the  same  mineral  composi- 
tion as  the  massive,  and  are  differentiated  only  by  their  foliated  character. 
They  frequently  mark  the  border  of  the  massive  bodies  into  which  they  grade 
insensibly  without  change  of  mineral  constituents.  Their  gneissic  characters 
have  probably  been  induced  by  movement  in  the  igneous  mass  during  solidifica- 
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tion,  or  else  they  repri'siTit  portions  of  the  «•. .  a  rocks  that  have  liccii  torn 

off  by  the  igneous  ruck  in  tlie  course  of  its  in-ru.a.n,  and  recrystaih'/ed  Iiy  it. 

The  granites  are  proljahly  the  mn^'.  important  building  stones  within  the 
area  of  the  Winnipeg  River  l)asin,  but  they  are  not  all  etjualiy  good  In  strengtii, 
mineral  composition,  and  durability  they  are  generally  suitable  .or  all  constru- 
tion  purposes,  but  dynamic  forces  of  compression  ha\e  often  ruined  their  structure 
for  such  purposes  by  devehjping  lines  of  cleavage  and  fracture  at  incoiuenient 
angles.  The  younger  granites  are,  as  a  rule,  more  suitable  for  (|uarrying  and 
building  than  the  older  granites,  since  they  ha\e  suffered  less  from  clynaiiiic 
forces,  and  have  retained  their  massive,  unfractured,  and  unfoliated  form. 
These  granites,  however,  are  not  as  widespread  as  the  older  granites  and  gneisses. 

Keu'eenawan.— In  the  region  bordering  the  Winnipeg  River  basin  on  the 
east,  namely,  about  lake  \ipigon,  a  large  area  is  covered  by  a  thick  sheet  of 
Keweenawan  sediments  and  diabase.  This  sheet  at  one  time  e.xtended  westward 
into  the  basin  of  Winnipeg  river,  but  on  account  of  its  erosion  it  is  nov,-  only 
represented  in  the  eastern  portion  of  the  basin  by  isolated  patches  of  diabase 
which  rest  on  the  older  rocks.  The  diabase  lies  in  a  horizontal  attitude,  and 
is  usually  found  in  the  dee|)er  valleys  and  along  the  shores  of  lakes. 

Farther  west  the  Keweenawan  is  reiirescnted  by  dykes  of  diabase  which 
are  found  on  lake  of  the  Woods,  Shoal  lake,  and  in  the  Rainy  I,ake  region. 
These  dykes  have  a  general  northwest  and  southeast  trend  and  are  remarkable 
for  their  width  and  persistence. 

Ordovician.— On  the  western  edge  of  the  basin  of  Winnipeg  river  the  pre- 
Cambrian  rocks  pass  out  of  sight  underneath  a  cover  of  Onlovician  rocks,  whose 
eastern  boundary  follows  a  line  drawn  from  the  mouth  of  Winnipeg  -ver  to  the 
southwest  end  of  the  lake  of  the  Woods.  These  rocks  are  limestone  and  sandstone 
which,  on  account  of  a  covering  of  glacial  drift,  are  rarely  exposed  at  the  surface. 
The  limestone  quarries  at  Tyndall  and  Garson  are  in  the  Ordovician.  The  beds 
lie  flat  and  the  rock  has  a  light  grey,  mottled  colour.  It  makes  a  useful  building 
stone. 

Pleistocene  and  Recent. — The  formations  classed  under  ''\is  head  are  the 
loose  unconsolidated  materials  of  Glacial  and  post-Glacial  origin  which  cover 
the  surface  of  the  older  rocks  more  or  less  througHoiit  the  whole  region.  The  y 
are  beds  of  stratified  clays  and  sands  laitl  down  presumably  in  ancient  lake 
basins,  and  irregular  deposits  of  gra\  el  of  both  Glacial  and  recent  stream  origin. 
The  most  e.vtensive  gravel  dei)osits  are  of  glacial  origin  and  have  been  formed 
by  streams  flowing  under  or  on  the  glacial  ice-sheet,  or  they  represent  the 
beaches  of  now  e.xtinct  glacial  lakes. 

The  present  rivers  have  not,  as  a  rule,  a  great  extent  of  beach  gravels 
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Since  the  Dominion  Water  Power  Branch  is  concerned  only  with  the 
development  of  W^innipcg  River  power  sites  that  lie  inside  the  province  of 
Manitoba  it  is  unnecessary  to  present  details  of  the  geology  of  the  various 
sites  in  the  province  of  Ontario.  At  the  same  time,  no  geological  investigations 
have  ever  been  carried  out  in    the  Winnipeg  River   basin   that  had   for   their 
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main  pur|X)se  the  study  of  the  rocks  relative  to  power  development,  con- 
setiucntly  the  references  in  the  various  reports  to  tiie  geology  at  the  pro(K)sed 
oites  are  of  a  very  general  and  cursory  character. 

In  a  report  on  the  East  Shore  of  lake  Winnipeg,  J.  B.  Tyrrell  describes 
the  geology  of  Winnipeg  river  as  far  up  as  the  mouth  of  Whitemouth  river. 
At  Pine  falls,  he  says,  "similar  red  granito  and  hornblende  granitite  are  ;poscd, 
and  little  foliation  is  seen  in  the  granite  at  the  short  po.-tages  above.  No 
boulders  are  noticed  alo.ig  this  stretch  of  the  river,  the  country  being  all  covered 
by  a  thick  bed  of  alluvial  blue  clay.  .  .  .  P'rom  these  portages  to  Silver  falls  .  .  . 
tie  rock  is  seen,  the  banks  being  of  alluvial  clay,  sloping  up  gradually  to 
woods  of  aspen.  At  the  falls  the  rock  is  a  red  hornblende  granitite."  Above 
Silver  falls  the  banks  are  composed  of  blue  alluvial  clay  without  pebbles  or 
boulders,  through  which  only  two  or  three  Iwsses  of  granite  project. 

At  Whilemud  falls  the  ri\er  breaks  over  a  mass  of  red  granite  containing 
a  few  inclusions  of  dark  grey  gneiss,  and  cut  by  many  veins  of  red  |)egmatite. 

The  rock  at  Little  du  Bonnet  falls  is  a  hornblende  granitite  of  light  to  dark 
grey  colour.  Abo\e  this  to  the  Grand  du  Bonnet  falls  the  river  has  low  r.-^cky 
banks,  with  clay  generally  filling  the  depressions,  while  at  the  falls  knobs  of 
granite  protrude  here  and  there  through  the  surface  clay. 

The  two  falls  between  the  Grand  du  Bonnet  falls  and  Lac  du  Bonnet  are 
known  as  Mc.Arthur  falls,  at  each  of  which  red  granite  containing  inclusions  of 
gneiss  project  in  several  places  through  the  thin  covering  of  alluvial  material. 

The  shores  of  Lac  du  Bonnet  are  composed  almost  entirely  of  a  coarse  red 
micaceous  granite  which  is  massive  and  free  from  inclusions  or  pegmatite  veins. 
About  the  moyth  of  Oiseau  river,  however,  is  a  belt  of  red  and  green  schists  and 
gneisses  which  strikes  up  the  valley  of  Oiseau  river.  These  schists  are  of 
Huronian  or  Keewatin  age  and  are  the  only  rocks  of  this  age  on  the  Winnipeg 
river  in  Manitoba. 

At  the  Seven  Sisters  falls  the  rock  is  .said  to  be  similar  in  character  and 
composition  to  that  at  the  previously  mentioned  falls. 
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KeKiilations  maile  hy  His  l:.\rtlU'ni y  the  Umermr  Cruertil  in  <  oiinctl  in  virtue  of 
the  pnnisions  of  suhseilion  J  of  section  .i?  of  the  Dotniiiton  Lands  Ail, 
T-S  l-.ikiitrd  \  11,  ihiipler  2iK  anil  hy  His  Hoyal  Hi'Jimss  the  (.ioveninr 
(ieneral  in  Council  in  iie  of  the  provision^  of  subsection  {h)  of  seition  17 
of  the  Pumini.^n  Fo  '"scnes  and  Parks  Ail.  1-2  (icori^e   V,iha(>ter  In. 

to  iiovern  the  uriintih  '.ministration  of  utiter-poi^rr  rr^lils  in  the  ("oviin  .  n 

of  Manitoba,  Sasku'-       .an,  Alberta,  ami  in  the  .\ortliuesl  Terntones,  and 
in  Dominion  I'arks  iKithm  the  Kailuay  Hell  of  Hnti.Mi  iolumhia. 


Si;(  HON  .VS     Dominion  Lands  .Vi  -7-8  Kuwakd  VII,  (  iiacii  k  .(i,  \s  amimh  n 
BY  Six  rioN  (i,  ("iiM'ii.R  27  OK  4  5  C.eok.i    \'. 

"5.  l.aiKls  wliiili  arc  ncnssary  fur  the  i)r<>ttt  ticii  nf  any  water  >iiii)|)ly  ur 
lands  u|K)ii  whiili  there  is  any  \v;iiiT-|«>\ver,  or  whii  h  timiler  iipiin  <>r  iM-inj; 
close  loa  water-iiower  will  l)e  re(|iiiretl  nr  n-eliil  l^r  the  ile\clii|>iiient  and  wnrkinn 
of  snih  water-j)<)wer,  sh.ill  not  he  oikii  to  entr\  I'T  Imiiir-iead,  for  |)iir(  IhmiI 
homestead,  o*-  pre-ciiiption,  or  he  sold  or  (onvcNcd  in  f>e  l>\  the  Crown.  I)iit 
may  only  '.)o  leased  un<ler  remulalions  tnade  hy  the  (Governor  in  C'ouiu  il. 

2.  Suhject  to  rights  u  hich  exist  or  may  he  created  unde;  he  Irrigation  Art, 
Jie  Governor  in  Council  may  make  rejjulations:  (o)  for  the  diversion.  t.ikiiiK 
or  use  oi  watei  'or  power  piirposis,  and  the  Kf-'nlinK  of  the  rights  to  divert. 
take  I  u  o  water  for  sue  h  purposes,  provided  that  it  sh.ill  he  a  coiidiiinn  of 
the  i;  sioii  or  takir  ;;  of  water  that  it  sh.ill  he  returned  to  the  channel  tl'rou.uh 
which  would  have  ilowi-d  if  there  h.id  hei^n  no  siu  h  diversion  or  t.ikinv;  in 
s'u  li  manner  ;is  not  to  le>sen  the  \ohime  of  water  in  the  s.iid  channel;  (/'i  for 
liio  construction  on  or  through  Dominion  or  fither  lands  of  sluices,  races,  dams  or 
other  works  necessary  in  ((niiu'ction  with  such  diversion,  taking;  or  use  of  w.iter; 
(' )  for  the  transmission,  distrihution,  s.ile  ami  use  of  power  and  energy  j.'enerated 
rhcrefrom;  (r/i  for  the  dannning  of  ami  diversion  of  any  stream,  waicrcourse. 
lake  or  other  liody  of  water  for  th<-  pur|M)w  of  storing  water  to  auRment  or 
increase  the  How  of  water  for  jMiwer  purposes  during  dry  season;  (e'l  for  fixing 
the  fees,  cliarge-i.  ri'nts,  royalties  or  dues  to  he  paid  for  the  use  of  water  f(jr  jiower 
I)ur|wses,  and  the  rales  to  he  chargeil  for  iK>wer  or  energy  derived  therefrom. 

3.  Any  person  who  under  such  regulations  is  authorized  to  divert,  take  or 
use  Wr  .er  for  power  purposes,  or  to  construct  works  in  connection  with  the 
diversion,  taking  or  use  of  water  for  such  purposes,  shall  for  the  purposes  of  his 

'.NorE— Thn<e  rrgulations  wcr"-  made  to  apply  to  all  forest  reneires  and  parish  Ijy  order  uf  Mh  F.tci  lli'n  y  ihe 
Crfivernor  C.eneral  iti  (  ouncil.  dated  June  6.  l«ll.  and  by  order  of  His  Koyal  Ifighnnis.  the  Oovemnr  (.enrril  m 
I  ouiicil  dated  .Viigust  i.  1«I  J.  m  virtue  ol  the  provisions  of  subsection  Cb>  of  section  17  of  the  Dominion  Fon-st  Ki-<itvi-i 
and  Parka  Art. 

'N'orE. — These  regulations  were  made  to  apply  to  all  school  lant' 
General  in  Council,  dated  the  »th  of  February.  HI15. 


y  order  of  His  Royal  Hitjhness.  the  Cfovernor 


r.  ■•  ,^.°TE.— Gy  virtue  of  the  provisions  nf  the  Railway  Belt  Water  Act.  2  Georire  V.  chapter  47.  intl  the  Railway 
lic:t  .Vatcr  .Vt.  I'JI.!,  .J-4  GetxK,-  \'.  «-itai*tei  45.  rtii  walti  witiiin  me  Railway  belt  ol  Hmisn  t  nliiinbia  is  adnuntstralci 
under  and  in  accordan.  e  with  the  provisions  of  the  Water  Act.  1909.  ami  .niendmenu  thereto,  by  the  provinte  of 
British  Columbia,  except  only  the  territory  included  within  Dominion  Parks. 
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umltrtakinK  have  the  iK)wers  conferred  l)y  the  Railway  Act  ujion  railway 
companies,  including  those  for  the  acciuisition  and  taking  of  the  requisite  lands, 
so  far  as  such  iM)wers  are  applicable  to  the  undertaking  and  are  not  inconsistent 
w^ith  the  provisions  of  this  Act  or  the  regulations  thereunder,  or  with  the  authority 
given  t()  such  persons  under  such  regulations  the  provisions  of  the  said  Railway 
Act  giving  such  powers  being  taken  for  the  purposes  of  this  section  to  refer  to 
the  undertaking  of  such  person  where  in  that  Act  they  refer  to  the  railway  of  the 
railway  company  concerned. 

4.  All  maps,  plans  and  books  of  reference  showing  lands  other  than  Crown 
land  necessary  to  be  ac(|uired  by  any  such  [KTson  for  right  of  wav  or  other 
purposes  in  connection  with  his  undertaking  shall  be  signed  and  certified  correct 
by  a  duly  (lualitied  Dominion  Land  Surveyor. 

5.  Such  maps,  jilans  and  books  of  reference  shall  be  preiiaretl  in  duplicate, 
and  one  copy  thereof  shall  be  filed  in  the  office  of  the  Minister  at  Ottawa,  an(l 
the  other  shall  be  registered  in  the  land  titles  office  for  the  registrati(m  district 
which  within  the  lanrls  affected  are  situated. 

6.  The  Minister,  or  such  officer  as  he  designates,  shall  in  case  of  dispute, 
be  the  sole  and  final  judge  as  to  the  area  of  land  which  may  be  taken  by  any 
person  without  the  consent  of  the  owner  for  any  jnirpose  in  connection  with 
any  water-power  undertaking. 

Ri;(ilI.ATIONS    CoVKKMNCi    Till;    C.R.wriNd    OK    WaTKR-POWKR    RlfiHTS    IN    THE 

Provincks  or   M.witoba,   Saskatchewan  and  Ai.bkrta,   and   in  the 

NORTHVVKST    TkRRITORIKS.     INd.lDINCi    AI.I,    DOMINION    FoRKST    RESERVES 

AND  Parks,  and  in   Dominion   Parks  within  the   Railway  Belt  ok 
British  ("oi.umbia. 

Established  and  approved  by  orders  of  His  Excellency  the  Governor 
General  in  Council  dated  June  2,  1909,  June  «,  1909,  April  20,  1910,  January  24, 
1911,  August  12,  1911,  and  by  orders  of  His  Royal  Highness,  the  Governor 
General  in  Council,  dated  August  2,  191.?,  and  February  9,  1915,  in  virtue  of 
the  provisions  of  subsection  2  of  section  35  of  the  Dominion  I.antls  Act,  7-8 
Edward  VH,  chapter  20. 

dkkinition  ok  works. 

1.  Under  these  regulations  the  word  "works"  shall  be  held  to  mean  and 
include  all  sluices,  races,  dams,  weirs,  tunnels,  pits,  slides,  flumes,  machine 
fixed  to  the  soil,  buildings  and  other  structures  for  taking,  diverting  and  storing 
water  for  jxnver  puri)oses,  or  for  de\elo])ing  water-power  .ind  rendering  the 
same  available  for  use. 


MOBE   OK   application. 

2.    F;yery  applicant  for  a  license  to  take  and  use  water  for  power  purposes 
shall  file  with  the  Minister  of  the  Interior  a  statement  in  duplicate  setting  forth  :— 

(a)  The  name,  address  and  occui)ation  of  the  applicant. 

(b)  The  financial  staniling  of  the  applicant  so  far  as  it  relates  to  his 

ability  to  carr\-  out  the  [)roposed  works. 

(c)  The  character  of  the  proposed  works. 

(li)  The  name,  or  if  unnamed,  a  sufficient  descriiition  of  the  river, 
lake  or  other  sf)urce  from  which  water  is  pro])osed  to  be  taken  or  diverted. 

(e)  The  point  of  diversi(m. 

(0  The  height  of  the  fall  or  rapid  of  such  riv(>r,  I.nke  or  other  source 
of  water  at  high,  medium  anil  low  stau's,  with  corresponding  discharges 
of  water  jx-r  secimd,  reckoned  approximately  in  cubic  feet. 


Winnipesi  River  Power  and  Storaf,e  Investiiialions. 
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(i;)  A  rc-asonahly  accurate  description,  and  the  area,  of  the  lands 
reciuired  in  connection  wilii  the  proposed  works,  such  lands,  if  in  sur- 
veyed territory,  to  he  described  i)y  section,  township  and  ranj{e.  or 
river  or  other  lot,  as  the  case  nia>  he,  and  a  statement  whether  such  lands 
are  or  are  not  Dominion  lands. 

(/<)  If  such  lands  he  not  Dominion  lands,  then  the  applicant  shall 
give  the  name  of  the  rej,'istered  owner  in  fee,  and  of  any  registered  mort- 
gagee or  lessee  thereof,  and  of  any  claimant  in  actual  possession  other 
than  a  registered  owner,  mortgagee  or  lessee. 

(i)  The  minimum  and  maxinuim  amount  of  water-|Mnver  which  the 
applicant  projMwes  to  develoj),  and  tlie  ma.vimum  aniount  of  water  which 
he  desires  for  such  purpose. 

(7)  Sketch  plan  showing  approximate  locations  of  the  i)ro]>osed  works. 

(k)  Elevations  of  headwater  and  tailwater  of  the  nearest  existing 
works,  if  any,  below  and  above  the  proposed  works. 

(/)  Particulars  as  to  any  water  to  be  taken,  diverted  or  stored  lo 
the  detriment  of  the  operation  of  existing  works,  if  any. 

(»/)  Particulars  as  to  any  irrigation  ditches  or  reservoirs,  or  other 
works  for  irrigation  within  the  meaning  of  The  Irri'^iition  Act,  in  use  or 
in  course  of  construction  within  the  vicinity  of  the  proposed  works, 
and  which  might  alifect  or  be  affected  by  the  operation  of  the  proposed 
works. 

APl'LK.VTIOX    BY    A   (OMl'A.NV. 

3.  If  the  applicant  he  an  incorjwrated  compan>-,  the  statement  sliall,  in 
addition  to  the  foregoing  information,  set  forth: — 

(a)  The  name  of  the  compan\-. 

{b)  The  names  of  the  directors  and  officers  of  the  company  and 
their  places  of  residence. 

(c)  The  head  otifice  of  the  company  in  Canada. 

(rf)  The  amount  of  subscribed  and  ])aid-ui)  capital,  and  the  proposed 
method  of  raising  further  funds,  if  reciuired,  for  the  construction  and 
operation  of  the  proposeil  works. 

(c)  Copy  of  such  parts  of  the  charter  or  memorandum  of  association 
as  authorize  the  application  and  jiroposed  works. 

APPI.UATION    BV    A    MINK  IPALITY. 

4.  If  the  ai)plicant  he  a  numicipality,  then,  excluding  the  special  informa- 
tion to  be  given  by  a  company,  the  following  information  shall  be  given:    - 

(a)  The  location,  area  and  boundaries  of  the  municipality. 

{b)  The  ai)proximate  number  of  its  inhabitants. 

(c)  The  present  estimated  value  of  the  property  owned  by  such 
nUinicipality,  and  the  value  of  the  property  subject  to  taxation  by  such 
municipality. 


MIM'^TER   MAY    Rr:yUi:ST    Fl'RTIIKR    INFORMATION. 

5.  The  Minister  of  the  Interior  shall  have  the  power  to  call  for  such  other 
plans  and  descriptions,  together  with  such  measurements,  speritications,  levels, 
prohles,  elevations  and  other  information  as  he  nia\-  deem  necessarj-,  and  the 
same  shall  be  furnished  by  and  at  the  exix'nse  of  the  applicant. 


352 


Department  of  the  Interior. 


The  Agreement f or, ~-ia)  A  license  for  the  ,liv.  r  • 

in  a'.l,litio„    ousu'U"  ,■:■•'"  ^'K'-^nu-nt  with  the  .^.V  m    u?'-'.'™^^^'  "^  ^^e 

as  follows:^--  '  'ond.fons  and  covenants.  sJui    'S m   ^  '   i '"'^''  ^'K^^^'m-'nt. 

/„)   r-  .  i^ontam  clauses  to  provide 

^?  ti*=~t™;i"!i:'';:.^  

^-^vv' ■'■"  ^"^ '"  '-"^"^  '-«ii'?"/;if =;:s 

1   ccccnn^  section,  are  being  fulfilled. 


THE    I.ICEXST 


I-OR   THE    DIVERSION-   AND    ISE 


OV   WATER. 
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(b)  At  the  ex])ir>-  of  ladi  torin  of  twenty-one  years  the  (iovernor 
in  Council,  may,  or,  the  reconiniendation  of  the  Minister,  order  and 
direct  that  the  license  and  any  U-.ise  granted  in  connection  therewith 
be  cancelled  Providwl  that  tlie  Minister  shall  have  given  at  least  one 
year's  notice  to  the  licensee  of  intention  so  to  cancel. 

(c)  If  the  licensee  shall  refuse  t.i  pay  the  license  fee  .is  readjusted 
by  the  (Iovernor  in  Council,  or  as  fixed  bv  arbitrators  chosen  as  provided 
in  paragrajih  (c)  hereunder,  then  in  such  case  the  Minister  may  renew 
the  license  at  the  former  fee,  or  the  (iovernor  in  Council  may,  on  the 
recommendation  of  the  Minister,  order  and  direct  that  the  license  and 
any  lease  issued  in  connection  therewith  be  cancelled. 

{(1)  In  either  of  the  above  cases  comi)ensatifm  shall  be  paid  to  the 
licensee  as  provided  for  in  paragraph  (c)  hereimder. 

(e)  On  termination  of  the  third  renewal  of  such  license,  except  in 
case  of  default  on  the  part  of  the  licensee  in  observance  of  any  of  the 
conditions  thereof,  or  of  any  lease  granted  in  coiniection  therewith,  com- 
pensatum  shall  be  paitl  for  the  works  to  the  amount  hxed  bv  arbitration, 
one  arbitrator  to  be  appointed  by  the  C.overnor  in  Council,  the  second 
by  the  licensee,  and  the  third  by  the  two  so  appoiiued.  If  the  !i(ensee 
fails  to  appoint  an  arbitrator  within  ten  days  after  being  notilied  by  tin- 
Minister  to  make  such  appr)intment,  or  if  the  two  .irbitrators  aiipointed 
by  the  Governor  General  in  Council  and  the  licensee  fail  to  agree  iiixm  a 
third  arbitrator  within  ten  days  after  their  appoint  nienl  or  within  such 
further  period  as  ma>-  be  fixed  by  the  Minister  in  either  such  cases  sucii 
arbitrator,  or  third  arbitrator,  as  the  case  ina\-  be,  shall  be  ajjpointed  b\ 
the  Judge  of  the  Exche(|uer  Court  of  Canada.  In  fixing  the  amount 
of  com[)ensaiion  only  the  value  of  the  actual  and  tangible  works  and  of 
any  lands  held  in  fee  in  connection  therewith  shall  be  considered,  and 
not  the  value  of  the  rights  and  privileges  granted,  or  the  revenues 
profits  or  dividends,  being,  or  likely  to  be  derived  therefrom. 

(/)  The  license  shall  state  the  maximum  amount  f)f  water  which 
the  licensee  may  divert,  store  and  use  for  power  jnirposes,  and  sh.ill 
I^rovide  for  the  return  to  the  stream,  or  other  source  of  water,  of  tiie  full 
amount  so  diverted. 

ig)  The  licensee  shall  develoi)  such  i)ower  as,  in  the  ojiinion  of  the 
Minister,  there  shall  be  a  public  demand  for,  up  to  the  full  extent  possible 
from  the  amount  of  water  granted  by  the  license. 

{h)  Upon  a  report  being  made  by  the  Minister  of  the  Interior  to  the 
Governor  in  Council  that  the  licensee  has  not  developed  the  amount  of 
power  for  which  there  is  a  public  ilemand,  and  which  could  be  de\e!ope(l 
from  the  amount  of  water  granted  by  the  license,  the  Governor  in  Council 
may  oi  'er  to  be  develoi^ed  and  rendered  available  for  jiublic  use  the 
additional  amount  of  power  for  which  there  is,  in  the  opinion  of  the 
Minister,  a  public  demand,  up  to  the  full  extent  possible  from  the  amount 
of  water  granted  by  the  license,  and  within  a  period  to  be  ti.xed  by  the 
Minister,  which  period  shall  not  be  less  than  two  \ears  after  the  licensee 
or  person  in  charge  of  the  existing  works  shall  have  been  notified  of  such 
order,  and  in  default  of  compliance  with  such  order  the  (iovernor  in 
( ouncil  ma\'  direct  that  the  license,  together  with  anv  lease  issued  under 
these  regulations  shall  be  cancelled,  and  the  works  shall  thereupon  vest 
and  become  the  property  of  the  Crown  without  anv  compensation  to  the 
licensee. 

(»)   Ui)on  a  report  being  made  by  the  Minister  of  the  Interior  to  the 
Governor  in  Council  that  a  greater  amount  of  water-power  could   be 
developed  advantageously  to  the  public  interests  from  the    same  stream 
86376—23 
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or  other  source  of  water  from  which  the  existing  works  derive  power 
and  (1st)  that  the  existing  works  could  be  enlarged  or  added  to  for  such 
pur[K)se,  then  the  (lovernor  in  Council  may  authorize  the  Minister  to 
offer  the  licensee  the  prisilege  of  constructing  and  operating  such  enlarged 
or  additional  works  at  or  in  the  vicinity  of  the  e:;isting  works,  and  to 
grant  such  supplementary  license  as  lie  may  consider  projK-r  for  such 
purpose,  and  if  the  licensee  fail  within  six  months  thereafter  to  accept 
such  offer,  and  in  good  faith  to  begin  and  carr\-  on  to  completion  such 
enlarged  ant!  additional  works,  and  to  complete  same  in  accordance  with 
plans  and  specifications  approved  of  by  the  Minister,  antl  within  a  fixed 
period  not  to  exceed  five  >ears,  and  upon  like  conditions  as  the  existing 
works  were  begun  and  completed;  or  (2nd)  if  the  Minister  shall  re|H)rt 
to  the  (lovernor  in  Council  that  the  existing  works,  owing  to  their  location 
or  construction,  cannot  advantageously  be  enlarged  or  added  to  in  order 
to  de\elop  further  jiower  sufficient  to  meet  the  probable  demand,  or  would 
be  a  hin(lrance  to  other  works  contemplated  for  such  purpose;  or  (3rd) 
that  the  existing  works  cannot,  or  will  not,  be  any  longer  atlvantageously 
operated  owing  to  the  exercise  of  rights  existing  or  created  un(ler  the 
Irrigation  Act;  then  in  every  such  case,  the  Clovemor  in  Council  may  order 
and  direct  that  the  license,  and  any  lease  in  connection  therewith,  and 
all  rights  thereunder,  shall  t)e  cancelled,  and  the  existing  works  shall 
thereupon  vest  in  and  become  the  property  of  the  Crown:  Provided 
always  that  in  every  such  case  compensation  shall  be  paid  to  the  licensee 
as  provided  for  in  paragraph  (e)  of  section  8  of  these  regulations,  together 
with  a  bonus  apportioned  as  follows: — 

(1)  If  the  works  have  been  in  operation  less  than  five  years,  a 
thirty  per  cent  bonus  upon  the  value  of  the  works. 

(2)  If  in  operation  more  than  five  years,  and  less  than  ten  years, 
a  twenty-five  per  cent  bonus. 

(3)  If  in  operation  more  than  ten,  and  less  than  fifteen  years,  a 
twenty  per  cent  bonus. 

(4)  If  in  operation  more  than  fifteen,  and  less  than  twenty  years, 
a  fifteen  per  cent  bonus. 

(5)  If  in  o])eration  twenty  years  or  more,  a  ten  per  cent  bonus. 

(j)  That  the  license  shall  not  be  transferable  without  the  written 
consent  of  the  Minister,  and  that  if  the  licensee  fail  to  keep  and  observe 
all  or  any  of  the  conditions  of  the  license,  or  any  renewal  thereof,  or 
of  any  lease  to  be  issued  in  connection  therewith,  then  the  license,  together 
with  such  lease,  shall  in  every  such  case  be  subject  to  cancellation  by  the 
Exchc(iuer  Court  on  the  ap|)lication  of  the  Crown. 

ik)  That  a  schedule  of  rates  and  prices  to  be  charged  to  the  public 
for  the  us'j  of  power  shall  first  be  submitted  by  the  licensee  to  the  Board 
of  Railway  Commissioners  of  Canada  for  adjustment  and  approval 
before  being  put  into  effect,  and  that  no  rates  or  prices  for  ))ower  shall 
be  legal  or  enforceable  until  such  schedule  has  been  so  adjusted  and 
approved  nor  if  they  shall  exceed  the  amount  ."ixed  by  such  schedule; 
and  that  such  schedule  shall  be  readjusted  and  api^roved  by  the  Board 
ever>-  seven  years  during  the  term  of  the  lease  and  license,  and  all  renewals 
thereof. 

(/)  That  for  the  purpose  of  ascertaining  the  quantity  of  power 
actually  develoiied,  or  capable  of  being  developed,  from  the  amount  of 
water  granted  by  such  license,  the  Minister,  or  any  engineer  appointed 
by  him  for  that  purpose,  shall  have  free  access  to  all  parts  of  the  works, 
and  to  all  books,  ])lans  or  records  in  connection  therewith,  bearing  on  the 
quantity   of   power   developed,    ar.       :iay    make    measurements,    take 
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c)l)servations  and  ^U,  such  other  thiiiKs  as  he  niav  considir  juressarv  o-- 
I'XjK-dient  for  such  purpose-,  ami  iht-  fni.liiins  of  tho  Miiiistor.  or  such 
i-ngmetT.  theri-on  shall  he  conclusi\ c  aiifj  hindiun  upon  the  licensee. 

(m)  For  the  i>roi)er  provision,  as  rcpiired  1)V  law.  for  the  passage 
of  logs  and  titnher  down  the  stream  or  other  watdway  affected  l)v  the 
works. 

(n)  For  the  erection  and  maintenanc<'  hv  the  licensee  of  a  duraMe 
and  etficienl  hshway  in  the  stream  or  other  waterway  affected  hy  the 
works  when  so  reciuired  by  the  proper  .)t"ficer  or  authority  in'  that 
behalf.  ^ 

(o)  That  the  licensee  shall  have  no  right  to  any  water  beyond  the 
amount  stated  in  the  license. 

(p)  For  the  indemnifying  of  the  Crown  against  all  actions,  claims 
or  denianils  agamst  it  by  rea^.on  of  an>  thing  done  1>%-  the  licensee  in  the 
exercise,  or  purijorted  exercise,  of  the  rights  and  privileges  grante<l  under 
the  lease  or  license. 

I-()R.M    OK   .XdRKKMICNTS    .\M)    I.KKNSKS. 

*•  The  agreements  and  licenses  to  be  issued  hereunder  shall,  subject  always 
to  the  provisions  of  these  regulati.ms.  be  in  such  form  and  contain  such  provisions 
as  the  Minister  may  from  time  to  time  determine. 

STOIt.A(;K   OF    WATKR. 

lO.  If  at  any  time  it  is  proiH)se(l  by  the  ai)plicant  or  the  licensee  to  divert 
water  Irom  any  lake  or  body  of  water  for  storage  purjx.ses,  or  to  dam  same  in 
order  to  augment  the  How  of  water  in  an\'  stream  from  which  water  ix)wer  is  to  be 
developed,  the  applicant  or  licensee  shall,  in  a.ldition  to  other  information 
required  under  these  regulations,  hie  jilans  as  follows:    - 

(«)  A  general  plan  in  iluplicate,  on  tracing  linen,  showing  the  location 
ot  such  lake  or  other  bock  of  water,  and  the  lands  to  be  s-ibmerged  or 
otherwise  affected,  and  contour  lines  showing  the  water  level  at  high  and 
low  stages,  and  the  level  to  which  it  is  proixjsed  to  raise  such  water  for 
storage,  and  the  estimated  stor.ige  capacity  of  such  lake  or  other  bodv 
of  water.  ' 

(h)  A  plan  in  duplicate,  from  actual  siirvev.  by  a  Dominion  Land 
Surveyor,  and  cert  I  hed  to  by  him,  showing  the  lands  to  be  submerged 
or  .jtherwise  affected  b>  the  j.roposed  storage;  the  name  of  the  registered 
owner  111  fee  of  such  lands,  and  of  an>-  registered  mortgagee  or  lessee 
thereol,  and  of  an\-  claimant  in  actual  possession  other  than  a  registered' 
owner,  mortgagee  or  '      "e. 

U)  A  detail  pla.-  u[)licate  on  tracing  linen,  showing  all  dams  and 

other  works  proposevi        oe  constructed  in  connection  with  such  storage. 


3 
1 


I'ORM    OK    .\t  THORKrv   OK    STORACJK    OK    W.UKR. 

,,.  .V"  ^V'™  '^'  I^'-.'"^  "f  ^"S'^  ^toraRc  of  water  have  been  approved  of  bv  the 
Minister  ot  the  Interior,  pnnision  for  same  shall  be  ma.le  in  the  agreement 
for  a  license,  or  m  the  license  itself,  or  in  a  supplemental  v  license  to  be  issue.l  for 
such  purpose,  upon  such  terms  and  conditions  as  mav  apne;ir  t..  the  Minister 
relations"''  ''^''"''''"'  '"  "''"  '''■^■"■"^tances  of  each  case,  and  subject  to  the.se 
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rOWEK. 


»a.  H  upon  receipt  and  ^nsidera^ 
2.  3,  4  and  5.  the  ^^^^^''-Jf^y^i^^^.^elow  ^^^^^^^  of  water,  the  Minister  may  .ssue 
than  2W  ^or^-^^''\^''^^Z  ZlZ.  authorizing;  the  development   of    thi- 
a  lease  and  a  license  as  may  b      .^^'^^    ^    ^  .^  of  ten  years,  subject 

proposed  pov^er;  the  >^^^  ^^"^  ^^"f  ^^"^ay  be  considered  advisable  m  each 
SS5^aSi^^^b;;S»^n  of  the  Minister  the  power  has 
'been  continuously  and  benefic.ally  use.i. 
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BENCH    MAUKS    l>T AIII.IMII  IJ    AldSI.     IIIK    VMWII'IC.     Kl\ll<     IN     lli\M(I|il\    Willi     fill 

|'<i\m:k  M  K\  I  \ 


i 


I 

i 
1 


2\\ 


.'00 

•on 

.'04 

JO.t 
Ml 
.'01 

joo 
iw 

IKX 
l«*7 
106 
li<5 


No. 

Kli'vution. 

A  ■ 

1 ,04^   HH 

B  • 

1,(IA4  IN 

2i.i 

1,  M.I    70 

'.'() 

l.04(.   71 

JIM 

1.044  ft7 

iin 

tOUilh 

ii; 

1  .O.IN   70 

iift 

1.017   i)J 

il5 

l.OOJ    <i) 

JI4 

W7    l'» 

Oi!**  riiitinn. 

U  'ti'ii'-r  holi  in  i  tmi  rrtr 

(  upprr  linll  in  '  dill  ri-lr 
Chi-t-llrct  .lll'l  IMIIih.l  nil  11.1  k 
(Iii'^ellcii  and  (i,iinti-il  (in  rm  k 
Chi-fllivl  am!  [laintfil  on  to.  k 
(  tiis.l!.-.l  aii.l  [i.um.-.I  i.ii  i.rk 
<  ItiJ'fMt-il  .tn<I  panitn!  i>n  rm  k 
('IU''t-Mt-(t  and  iiaint>il  tin  ri»  k 
(  liwllcil  an-1  pai:ilcil  uti  rm  k 
(  lM-*4ll,-il  am!  iMinici!  ixi  nn  k 

WI    16   IChiM'lU-.l  ami  i.aiiiu-,|  ..ii  tu.  1. 

I 

V«V-51    |(  hi.-»-llr.l  ami  paintril  uii  ri>,  k 
<>«y  67   jClii-M'M.-.l  and  laint.'d  un  r-nk 

Wl    rW)   |(  liiM'll.'d  and  i.aiiil.-d  on  hm  k 


]  lH-int  li  iark  pine 

I 

j  IM-ini  h  ixiplar 


'»S6    14    ivin.li  pi.|ilar 


<>8'i  4M 
<>H7    16 

W}*f,-_'S 

OKft .  »•> 
'>H4-.";i 

y«4-H7 
M8.S-6S 
9«.i-.i4 
yM4  ii 
•>K4   i  7 

«>sy  70 

"iS7-y6 
'J  tM    T  I 


jl  ^-iiirli  spru'  <■ 
'Him  l>  pnplar      . 
|6-iii(  it  jMijilar 

jldi.i.h  (K.piar 
jlO-imli  iMiplar 
|20-iii<  h  -iiiriu  I- 
[K-in^li  poplkir 
jt4  ill.  h  i»>iilar 

y-nuli  pt.plar   ,      . 

15-ini  h  sprmc. 

liiiuli  -iiirmc, 

jaik    pine   stmiip   5    imlii-s    Ijy 
I     imhi-<  liy  .i  iiK  lu-^. 
I*aint(-»1  un  .Diuri'tc  and   iii.irk'-i 
-MS   «K  uity  datniii). 


I 


In   -ill  (if  *\i\r  do(ir,   ii'irthuf-t   lormr  (it    Kt-mira  muiii.iiial 

pnurr  lini|*c 
hi  ii'iitrc  (il  riMi.  rrtc  ]i.t'^r  nf  tiiuir  <»f  tran^nii-^-ion  luu-,  «0 

t(-i't  Irmii  K'Tiiira  niKtin  ipal  imiv\i'i  timw. 
UM)    |i-t-i    ii'ititna'^i    lit    Kitinra    miiiij.  i|i.il    (Miut-r  hiiu<w>,    dii 

oiiti  nip  (it  till  k  Nil  riKlit  l)aiik.  )»Un\  iHiMt-r  liuii'*)-. 
\l«nit   4.S(t  ftft  .ilxivr  (he  lirad  nl    I)alU-«  rapids,  nn  the  l»'tl 

hank. 
.Mmiit  I.HMI  f.Tt  JM-ldw  isiam!  at  font  nf  Ualltw  rapid-*,  on  l.tt 

liaiik  '4)Ht'i-«'(  l»-Inw  nn-ti-r  -M-rtioii'. 
\t    I  rest   >>i    i  ir!it   tail,   Miutli   (tiaiinrl,   Wluti-doi;   rapid",  <'n 

liKltt  hank. 
VlM.iit    ISH  t,.,.t    aliovi-  itvt   of   S'.(.nd    I  ill.    ^.utli    .  haiin.l 

W  hitfiloK  rapi-l-.  oil  null!  iiank. 
.\l«)nt    lltO  h-rt    aixiv  .  ff^t   (It    I-'utirtli   tall.    Nmili    ilianm-i, 

\\'htt(-d()t{  r.ijtii!^,  on  rti{iit  hank. 
(Ill  left  hank  at  Fittli  fa!*.  Ninth  .liann.i,  \Miii.<|mw  rapid-.. 

l-a>t  end  ol  i-l.md  ■•onif  J  nilli*  alHivt-  |Mr-<t  tall-..  <  tiie«f  to  Itft 

liatik  and   n«ar  tlif  riioiitli  of   tlic   Kniili-ili  rivt-r,  on   iiivp 

rix  ky  Itank 
(in   Ifit   hank  around   Ixnd   from   Fir-it   talln,  and   «iinc    KNj 

SAtd^  ttoiii  It.  1  lo'f  to  water  :*  fdKi-.  on  tlie  top  of  a  shttr 

r(«k  M'vt-ral  ti-tt  huh. 
(In  iinlit   hank  on  immiu  a.  ross  a  wide  f\(nnH»'  of  tl'.t*  rivt-r 

l>«'low  1-ir^t  f.iU-*,  '  (in-.pU  uoU(t  fraia  upstrfarn. 
lOn  riiilii  hank  m.mu-  Uhi  itt-t  w.-t  ot  K    hil>..  wt .  21.  tp.  1^. 

r.   17,  K.l'.M..  >li«tT  uK-ky  Ijftuk.  unnpuuout  fioni  *wili 

water  pa.-i  iiitfrpn»\  in»  lal  iKMindarj. 
nn  l.-tt   hank  >oin.-   HM(  ti.  i-asi  of  Wit.   M'.M.-WII.  \\l. 

W  II    K.  and   \  III    N.  i-luiK-  tu  sthure,  on  a  slopum  bank 
I     iun-<pi<  iious  troni  downstrt-ain  luokinu  ^nth. 
:S*f.  20  16  17  K.i*..M..  on  k-ft  bank  S\V.  of  small  inland  ii.mi 

l).ink. 
■<  hi  riatit  hank  on  iKiini  opiio.sui-  Kast  t-nd  ot  a  I'mii^  narrow 
'     island  and  in  ^.-t .  1'^  tp.  \tt.  t.  17  K.P.M..  .-.,nu-  UHI  tt,  up- 

stri'.tiM  iruni  K.  Ii-ly.,  sei .  J4    16   16  K,P.-M. 
'On   riiilii    li.ink.   on   hinli   t»oint   opiw-'itc   wc-ii   end   of   laryc 

(■^lanif  ("IJ*  on  townsliii)  plunj.  in  -,t .  24    16   16.  K.l'.M. 

and  <los(.-  to  K.  I>'ly..  ^*f.  2,*. 
( >n  •wMitlira.-iti'rn  suit'  of  islan'l  '■"{'"  on  Luwnship  pi.inj  tK-ar 

riiilit  hank  in  s*-.  .  2  t   16   16  K.l'.M. 
Itn  outlund  ot  riuht  hank  opiMisiic  t  hannil  l»'tvvi'i'n  i-laiid-^ 

'  "  .\  ■  and  "  H  "  (in  town-ihip  pl.ini,  in  st-c.  22    16   16  K.iV.M. 
|(>n  riulit  hank  wIutc  tlu-  ri\tT  hank  iK-nd^  to  tiic  north  ami 
;      the  rivi'r  widms  to  over  li.ilf  a  niilc  at  v,r>i  i-nd  tif  i-land 
I        A  '  and  in  -m'i.  .  22    \t.   If.  K.P.M, 
(In  riylit  h.uik  on  iwiiiit  N.  .4H-  \V.  from  \\V,  point  of  i-land 

"A"  and  in  SK.  \.  stv.  2H   16   16  K.l'.M, 
!(>n  ri(ihl  hank  on  broad  ixiilit  aliovt-  narrows,  \.  '^6-  \\  ,  from 
I      NVy.  iKiint  of  i:i|and  'A  "and  in  S\V.  \.  m-\  2'*-\tt-\ti  I-:,  I'M. 
[fin  left    hank  on   small   rtnk   iH)inl  on   wf:rl    -idi-  ot   a    hro.i'l 
'      I>oint  in  SW.  i  -^cc.  2**    16    16  K.i'.M.,  at  cdi,''-  ol  trcc^. 
i)n  left  hank  on  si   all  i>oint  in  SK.  i  s^t.  -'"    16   !'•  K  I'  M 

On  l.-fl  hankin  SE.  i  we.  2.>    16    15  E.IVM.  alw-vt' ^uitl  uat.  r 

at  l-amprry  f  >lls  .ind  opposite  a  small  i-land- 
jOn  south  t-nd  of  island  in  rapids  above  Lampr(\  falls 

■On  left  bank  on  point  700  ft.  al>ovc  I.anipr  ^  tall-  and  opjM.- 

-iic  a  .-mail  i-land. 
On  li-fi  hank  on  i«iint  at  head  of  I-amp''cy  fall>. 


MH'  fixt  N\V.  of  intake  of  Point  dn  H'H-  \» 


it  plant. 


1  Pillar  of  verandah  of  staff  hou.-'c.  Point  dit  Hots.  tir<i  i.iilar 
south  of  itteps. 
fh:  ii;;ht  huTik  on  frr^t  rorky  pfiint  ?icKr.v  ra;'i'l-  wht-ri  ai'* 
■situated  some  20<)  yards  down-;tream  from  traiismis-'ion  lim- 
nn  Point  flu  Bnis  iKiwer  plant,  airl  in  \\V,  i  ti-r.  2S  15  14 
E.P.M. 
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I'HA 

I9J.\ 

IVI 

19l.\ 

IW 

IWA 

1H9 
l.':9A 


lUrVillion. 


I8R 
IfIHA 


187 
IK, A 
186 

18(1  A 

Sla.  7«) 

Sta.  yoA 

185 
I85A 
184 
184  A 

1?J 
IS.iA 

182 

182  A 

181 

laiA 


I>r>,  iiplloh. 


»♦<)  47   jW  in.li  .[.in..- 

'J4n  ,17  !<  hi'i'lh^l  an.l  i.iiiil.'.l  „iv  i,.,  k 

»,ll    18  iio-inih  1.1.  U  rii"' 


mil  iij 

«2«  21 
•)28  21 

mo  7s 

U2')  All 

429  <M 
9J2  fi2 
9)9  ,11 
91fi  (II 

912   ,l,t 

9J9  72 
967  41 
910  J8 

917    12 

90H  '.1 

9117  (),'> 
90M,'i 

9n,S   ,58 

912  27 
907-4,'; 
902 -,12 

im.i .  7,i 

809  (1,5 
901    18 

89,1    58 


S94  00 
89,1  ■  25 


<  lii'.t-IIril  .inti  ii.iinU'd  on  ro<  k 
10-iti.  li  iHipl.tr 

<  hi<u'ilt-(l  ,in<l  i>iiiiit<'<l  on  xtv  k 

<  Iii<«llril  .iii'l  paintfft  f)n  rm  k 
6-mi  li  pinilar 

(  hi^illi'cl  .inil  p.iinti-'i  on  lo.  k 
6-lni  It  [Mipl.ir  Htiinip  , 
16-ituh  tMjpI.ir  itunip 
Jill  k  piiif  ittirnli 

Cliisi'llril  anil  p.iititi'il  on  toi  k 

ja(  k  pint-  tttuiiip   ,    . 

Jack  pint-  aluiiip  .    

H-inLh  spruif     


(;iii>.cllcti  ami  painlt'd  on  roi  k 
5-ini  h  jai  k  pint' 

Chi^fllfd  aiul  painti'J  on  im  k 

(hiscllctl  and  paintttl  on  roi  k 

C  liisclled  and  patnt<-d  on  nn  k 

5-inLh  oak 

t'hw'llcd  and  painteil  on  roi  k 

-inch  poplar     

t.  liistlird  and  painted  on  rock, 

10-inih  dry  jack  pine 

Chiselled  and  painted  on  rock, 

inch  iKiplar 

<hi>cned  and  I'ainted  on  rock 

10-incIi  poplar 

thi^i  p.-d  ;ind  painted  on  rock 


89J-80  Il2inch  iwplar 


(;n  rlittit  dank.  wu!h  mA  of  tu*-.  Im-Iow  rapi.tj  liliLited  •mni' 

21X1  \.i^,  dowiMlrr-.iin  Iro.  i  tr,iii<iiii<iion  lire  oi    I'.iint  dti 

II., 1..  iN.iiei  lii.iiii,  nil  I,,,,  ,,i  t.i.  k  -liotf  ami  in  N\v    1  «•. 

25   15   14  (•  I'M 
On  light   Imllk  al»ne  ^l^lll    Knot  (alU,    175  frrt  Vle.i  n(  rn  k 

■  lit  aii.l  .  lo.ep.ln  .h.i,  ks,  45' W,  li..ni  1  W.H.  ..n  K.  t>.|y  . 

«■>     25    H    It  I.  I'.M. 
On  lliiht  hank  .il»ne  Kiuhl   Kool  lalU   (20  feet  we.t  of  rrx  k 

.  lit.  Ml  It    .NK    of  .li.uk  and  .«•■  41"  \V.  from  1  W  I',  on  K. 

IhIv,  «•.     25   15    14  K.I'  .M 
Kiuhl  hank  tx'lovt  Rluhl  Kool  lalN.  IMI  (l    S\V.  of  lower  end 

ol  ri>.  k  .  lit  .111.1  .N     (1    U    It. nil  Wll    11'.  M.me  M,  4  .S.  on 

!■:,  \r\y..  .«     25   H    14  V.V  M 
KUht   hank   >>ilo*   I'Juht   1-..  .1   l,ilN.  450  (1,   S\V.  ol  roc',  rut 

an.l  K  It.  east  of  HM    \o    I  II. 
Right  h.ink  on  iKjlnt  1  mil.'  ..oiilli  .il  Kiuht  Foot  falU  ami  220 

feet  s.  6(>    K   Ironi  J  W  I'  on  !•    h.lv   »i-.  ,  24  15  II      K  I'  M 

Right  bank  on  (Kiint     1  inile  ,o1  tll  ol   t-.luht  Foot  lalU  .I'ld  205 

feet  >    82'  V.  from  I  W  1'   on  1:    h.l\     «."     24  1511.  K  I'  M. 
On  lett  hank  on  K,  hih .  ol  v.     21   15    It  Kl"  .\l  .  lonie  2181  It 

we«t  of  trail  to  Hunt  (  luh.  on  I.    .  of  ii.'eii  rot  k  hank. 
Mmve  M.ive  falli  on  light  hank.  1711  II.  N,  62    W.  from  "A 

fr.imi  of  cable  nie'er  iLiiion  an.l  150  It.  east  of  log  Mhack. 

S\\.  \  «n.  12    15    14  I'.  I'  .\l 
Ah<ive  Wave  fjll<  on  right  hank  40  ft.  S.  6°  W.  of  "A  '  (rume 

of  cable  meter  station. 
Almve  Slave  faIN  on  right  bank  on  K.  hdy,  sec,   11    15-14. 

K,I'.M,,  some  125  fl.  Miiitli  on  the  line  Irolil  the  bank. 
Below  Slave  falU  f    right   h.ink.  en   K.   lelv,  net.    It    15-1' 

K  !•  M,  ami  165    .    m)rth  ol  Wll    I    I',  fn  M. 
Below  Sl.ive  f.ill,  on  right  hank    in  w.',  2   15-14  K  P.M.  5,ll> 
I     It.  S.  2>-  W    fi.Hii  Wit.  I.  1'.  „^     II  and  N.  60°  K.  Iti.iii  rock 

,it  month  of  Portage  bay. 
Below  Slav.'  f.ill<  on  light  b  ink  .n  «'c.  1    15    14  K,",M,.  580 

fl.  S   ii"  W.  if  Wit.  I, I'.M   on  E.  bdy.  sec.  II,  an.l  .5.1  It.  S. 

.il"  W.  of  B,M.  No,  188. 
Above  Slave  falU  on  left  hank.  125  ft.  SE.  of  ^ilPlKirt  for  cable 

of  meter  italioii.  in  SW ,  J    tei  .  12   15   14  K  P  M 
Below  Slave  falls  on  left  bank,  due  east  of  Wit.  I.J'  M.  on  H 

Inly.  sec. 11.  and  540  feet  from  shore. 
Three. ipi.irter  mile  Ijelow  slave  falls  on  right  bank  at  narrows 

between  .slan.I  and  mainland,  first  swift  water  h*  low  Slave 

f.ills.  «-i    2    15    14  K  P.M. 
On  right  bank  at  narrows  between  island  ami  mainlan.l.  first 

swift  water  below  Slave  falls,  2i  It.  SW,  of   B..M.  No.   187. 

so     2    15    14  K  P.M. 
On  tiwht  b.iiik  on  short  point  in  the  mi. idle  of  Scott's  cli.innel. 

,181  11,  down  stream  from  I.!',  of  metering  station  of  .  ity  of 

W  iiinipeg  in.l  s,  511'^  W,  from  hub  on  right  on  meter  sl.ition. 

s.'.  .  21    14-14  K.P.M. 
fin  right  bank  Sou's  .  hannei  N,  ,10'-'  K.  from  iKiint  on  right 

bank  at  lower  en.l  of  channel,  aUive  bay  a.lja.:ent  to  point 

at  lower  end,  sec.  21-14-14  K.P.M. 
On  right  bank  at  .rest  of  Sturgeon  fills,      Referen.eil  to  9- 

inch  oak.    16  ft.   NW..  and    Sincli   jsiplar   J4  It.    K.   sec 

8    14-14  K.I'.M. 
On  mid.llc'  of  southern  part  of  isl.ind  at  Sturgeon  f.iUs,     Refer- 

enceo  to  three  j.i.-k  pine  trees  .17.5  feet,  .15  feet,  and  14  feet 

ill  sec.  8   II    14  K.P.M. 
On  left  bank  abovi;  Sturgeon  falU  at   hea.l  of  jiortage  in  sec. 

8   14   14  K.P.M. 
On  left  bank  above  Sturgeon  falls,  dose  to  head  of  portage  in 

se, .  8-14   14  K  P.M. 
On  left  bank  in  sec.  lJ-14-1.5  E. P.M.,  on  lower  siileol  the  neckf 

of  the  "  Barrier". 
On  left  bank  in  se. .  13-14-I.I  E.P.M..  on  lower  side  of  the  neck 

of  the  "Barrier"  on  low  roik. 
On  right  bank  at  water's  edge.  70  ft.  above  small  diversion 

weir.  1.10  ft.  downstream  from  K.  bdy..  sec.  2-14-12  K.P..M, 
On  right  bank  .>n  sloping  bank  80  It.  above  small  reversion 

weir.  125  ft.  downstream  from  E.  I)»iy..sec.  2-14-12  K  P.M.. 

N  85"  \V.  Iron,  Rock  istan.I  forinin,;  part  of  weir. 
Sec.  2-14-12E.  P.M..  on  right  hank  near  water's  edge.    150 

ft.  above  Twin  falls.  .10  ft.  alMiv;  head  of   iwrtage  and  N. 

25''  H.  Irom  northerly  IKiint  ol  large  island  at  tie.id  of   lalls. 
Sec,  2-14-12  K.P.M.  on  right  bank  near  water's  eilge.on  top 

of  steep  ro,  k  90  ft.  above  Twin  falls  and  N.  45°  W.  from 

northerly  {loint  of  large  island  at  head  of  falls. 
At  mouth  of  Loon  river,  on  right  bank  and  upstreiim  some 

650  feet  from  Wit.  I. P.M..  on  E.  bdy., sec.  ,1-14-12  KP.M. 
At  mouth  of  Loon  liver.  on  right  bank,  on  flat  rock  25  feet 

fiolii  water's  cnige  and  some  7oO  feet  upstream  iroiii  Wit. 

I.l'.M.  on  K.  bdy.  sec.  J-1.4-12  E.P..M. 
Sec.  3-14-12  E.P..M.  on  light  bank  opposite  a  small  island 

midstream   between   the   bank  and   a  large   island   called 

Porcupine  island. 
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Srt.  *    14    12  k  P  M    ijttriitht  hank,  niianoiit  lMTtf]nl(h<- Kink 

ton-i>l<  )iiU4  iforn  the  tivrr,  on  -iiit  ji  ro-  kv  I)  lak  otipo.n*-  ( 
«niah  Inland  mtditteani  In  iwtt- ri  the  bank  and  I'or.  Mpiiu 
itUnd 

Nh.4  U  IJ  k  I*  M  .onriuht  h.trik  «ttiie  IMMiit 't.iwn<tM- >ii< 
trttnt  K.  IhIv  .  m--  .  4.  i  lo-e  lo  -itiofe  and  op|NiKi(r*  ,t  ifrrnip  "> 
t).tr*'  r-h  k  iiland-«.  situalfd  i  mile  aho^e  tint  «wttt  Im1o-« 
ruin  lalU 

Sr<  .4   14   t.'  K  l'.M.,on  tlitUt  ttank.riMsho.t  utd*- point  whu  hi- 

"(tliate-l   ^tllH-    lot)  virdi  at»>\e  lirit  «wiir    IkIow    I  wm  lalU 

l<Kal'-d  on  topni  r(M  k  tiank  and  lonsph  u  'Hi  imn-  iiiMrtram 

Sr<  .  4    1112   I'.  I'  VI..  on   rulit  hatik.tin  <M->t  <ii<tf  of  i<oint  tti 

UmU   ot  tir-i  .-twitt  tteUiw   Tmh)  lalU  and  Mime  2S  It-et    from 

4ll'Pf<- 

Sri     4  14  12  K.l'.M.onrutit  hank.onpoint  at  itxit  of  iittitt   ■•'-, 

veriK  al  ro-  k  at  waier't  ctlKt'  and  -.i-nHtfi.  itnw*  tnmi  ih-    ; 

up  and  duwn  stttai'- 
Se.  .  4  14  12  K.I'M  .on  fi^ht  bank  \.  ftir- K.  Iiofti  \Vi'    \  ■■ 

on  \.  Inly.  M'.      M   H   t_'  l'.,r,M.,and  t-tm.  «'Vlr 

utrram  trnrn  K    l)d>'     -"ei     ^ 
Sci    4   14  12  K  V  M..  on  riiihi  hank.  \.  ^O'  K    lioni  noir 

imini  of  rot  ky  idand.  on  K    tnly  ,  w.,  ^,  and  -.)in.'  mhi 

up^treiirn  ifoin  !■).  I»dy  ,  4i>.      s,  on  vi-rfi.  al   ro.  k,  a'   h,, 

rdk'i-,  I  oti<pi<  iioii<4  troni  the  river,  up  and  down  --tir  hm 
^H^  .    S    14   12  K  P.M..  on  rulit  Uuik.iHi  hr*t  ro- kv  p'."i'   v 

Seven   Sttti-r^  talU  *inie    l.Oitti  t.-i-t   down-*tte,i,tii  i 

Inly..  •»(•» ,  ^.  ,i,id  on  W.  <ide  r)t  jxiint. 
Sfi .  «   M  I.',  K.l'.'i.  OP  ri«ht  h.ink,  rm  fu^t  ncky  ;toin'   , 

Se\pn  SiHtii-  fail-i.   *wne   I , <»<»•»  Uri  doun-itre.ini  ti..L, 

IxJy.  jwi  ,  i    ..n  lop  ol  hank,  ■Urn-  t«     valei'^  '-diiP  ai'd 

iifiuiiou'  (lorn  up  .uid  down  stream  on  the  river, 
Sr.  .  ^    lit     K  P.M  .onriKhth.ink.N.4^'nV  from  low  r- 

be-irl  to   -.Nth  of  led  h.mk  and  -lonie  2(»0  yiN,  <lown 

f-utii  a  sin, ill  creek  i  lo**  to  .ihore. 
S«-    n    12    12  K.  P.M.'mnyht  hank.N   72''\\    troniintrr- 

ol  .■wmili   shore  and    K.    Iwly     ""'c.    *l.  a'mve  >t<-\en  ^v- 

when'   the   nulit    hank   hen.!'*   to   noftii'M^t   anr|    thr    - 

UldilH.  lor.itfd  .  loHc  to  shore. 
Set.  M    It   12  i:  I'.  M..  on  rinht  bank,  on  iwiiU  lit  he.tti  fM     wur 

Water  .ilwive  Seven  .SiHtrr"!.  at  nine  ot  veKetatioti. 
Sec.    il    t.(    12  K  I'.M..  on  riKht  bank.  onix)int  at  he.ul.      *»»(- 

water  aUive  S**ven  Sinters,  on  ihelvuiK  rocky  ihorr 
S«»i .    *1    I  f   12  I-:  P.M.,  on  top  of  xmall  idUnd  ne.ir  leftba-   *   at 

crest  (»(  Kir-it  lall  ot  Seven  Si..te!i*.  con^pii  i|oih  trrm  r- 

1.  ifr  l.i-ll   KH.M..  on  riiiht  hank,  on  imlni  e.>i4  ^      r  u? 

d*?ep   hay   alMtvr  Scond    fall  o!    Seven   Sister*   ut  ^-^^-^  «< 

vegetation. 
S*H.  t&l*    11  K  P.M..  some  .ISO  feet  down^treali  -^ly. 

n'c.   if*,  on  riijht  h.itik.  on  iniint  Ka-^t  •'ide  of  d-  ov 

*etond  fall  ol  N-veii  Sisters,  on  sbelvinK  rockv 
Sec.    iff   I.i   11    L.p.M..  on  riiilit  bank,  on  we-  ,t   i.m 

IMJint  Im-Iovv  N-.  ond  tall  ol  ;.,    en  Sinters. 
Sec.   Mt   Mil   K.P.M..  on  ritiht  bank,  on    low  •    Vlow 

S'lond    t.ill  ol    Seven    Sister-*.   con:4picuom  Ir-  i,r'    nvrl 

from  alxn.-  Tin    1  lalU  un  north  side. 
Sec.   it>  I  1  11  K  »    \I..  on  riKht  hank,  in  bav  !■■  ■  a-t  ol  IukU 

point  twlow   I  turd  falln.  ilo*'  to  e.lKe  of  veitet.tUon. 
S«^c,    itt  l\   II    I-;, P.M..  on  rinht  bank,  on  hii{h  point,  tii-' 

Im-Iow  Third  fall  of  Seven  Si-.ti'r^. 
Sec.  ^ftl^  U  IC.P.M.  on  left  bank,  at  foot  of  Third  fall  < 

S?ven  Suters. 
On  left  bank  south  of  river,  at  Third  fall-',  on  a  traver-ie  lin'- 

which  (.rosws  the  ;>ortaKe  some  UNJ  feet  from  its  lower  end 

and  sttuaieil  wme  400  ti.  north  of  p*jrt.i«e. 
Sec.  ,*5-l.Ml  K.P.M..  sonic  SiHt  ft.  downnrejni  from  K.  bd\ 

wc.  *5.  on  riaht  bank  on  an  out diend  of  the  b.ink  N   ''i 

W.  from  tir-t  hi«h  i>oint  below  Third  fall  of  ^M■ve^  Si-ter- 
Sec.  .IS-IJ    11    R.p.M..  approx,    \  mile  down-tnarn  from    K 

h*ly.  WT.  iS.  (>n  rijiht  bank  N\V,  of  lar.ic  ro'  ky  i-l.uid  mid- 
stream. .\.  tt.V  K.  »maU  inland  and  N.  80^  W.  from  tir-t  lii«h 

IMjint  Im-Iow  fall. 
Sec.  -VS-l.i   t|   K.P.M..  on  riRhr   bank,  some  40t»  feet  atH)ve 

Fourth  t.tll. 
Sec.  .l.S-1,1   II  K.P.M..  and  down-itreani  fmin  K.  bdv  .  nor    Jt> 

srjme  MHi  yds,,  on  left  bank  »>einw  Third  fall,  S.  .1.^  W,  oi 

high  [wint  on  rijtht  bank  Iwlow    falN.    S.    l^''   K,  of    larije 

rocky  island  midstn'am. 
S«x.  >l.S-H-ll  K.P.M..  on  right  bank,  in 'tmall  baycIo*i- to  head 

of  Fourth   fall,  on  ateep  rocky  b.mk.  con*picuoiH  from  up- 
stream. 
Set.    :>-.    I.i    il    K,r.\T  ,  on  lefl   bank,  on  ^u.p.i.K  lo.  ■».  p^inl  ..L 

Fourth  f.iIU  of  Sr      i  Si-iters.  f.icmR  upstream. 
Sec    J5-H-II  K,P.\i     on  rittht  bank  on  east  side  of  b.iy,  Iwdow 

fii^t  hish  point  downstream  from  Fourth  falli,  at  eiUe  ol 

veKetation. 


Mi 
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'.Nrt.  S%  II  II  K  P  M  .   nn   riiht    Unli,  on  Am    hlKh  imini 

I     i|.iwii*liiMiii    lluiii    KiMlMli    LilN.    tin    »(«*-[i    link    I  ti'M-    l'» 

•.ilri  ■  .cIm.- 
Sn    II  II  11  I    l>  M  .. 111.), in.<n.iiill»M.l.,rrliilil  (Milk  N  ml' W 

Inim  whir--  III'-  li-li  h.mk  !•  intT-'  I'-'t  liv  ¥  ImIv,  «■*  .  M 
v.,     14    II    II   K  I'  M  ,  .111.1   .l.mn.li.  ,111   li.uii  I'    h<l(    «'.     II 

aiuiii'  IINI  >,,r.|.    ..11  .in  ...11  l»ii.|  ..f  imlit  Link.   N     711"  W 

lli.ni  uh.'t..  III.-  lilt   li.ink  u  ml.  r«.  ti-.|  l.>   K    l..|i.  w,  .    It. 

4IK|  S    l«    \\    It. nil  tir.t  liiiili  loinl  Ik'I.i«  I.iII< 
Vf.    14    II    1 1  K  IV  \I  ,  im  right  l..mk,  .11  li.Mit.d  l.iwrr  ii*irt.iBt' 

1.1  S\.-ii  Si.l.fn.  .  !..«•  t.i  w.ii.-r  «  ...Jn.' 
ivr,     14   11   II  K  I' M  .  ..n  riiihl  Lank,  .11  lii-u<|iiri..»rriii>rugi' 

..n  ru.  kv   ..L.iti- 
lln    iiil.t    Link    I..  !..»    Sn,n    Si,t,i.   fai;  .    ,ii    I  .w.-i    .  n,|    i.l 

tH.rt.n(.-.  .Ill  hiuli  Lank  -it  .-.Ik*'  ..I  trt,f«. 
N.,  .  1 1  I  I  1 1  l:  I'  M  ,  ,.n  ii^hi  L.ink,  U  |,.i.  Sr vi-n  M.trr.  fall',  in 

•ni.ill  .li'l.  L.it  al  liH.l  ..I  l.illi   ....  I.. I    ..I  <lii'.'i  riK  kv  <li.ii.'. 
jl'uK    l«l\     Jl    It    II  K  I'M  OlIll.Hi    ,..iilh..l  wiln<'>«|<»l  ..n 
I     Hi  Lank  .111.1  n  l.-.i  ...ml.  ..I  l..i«.  Iin.-. 
>yi     in    11    II   K  I'M      i.n    Muhl    L.ink    ..I  \Vhllrni<.iilli  lisrr. 
I     atr.iM.*  (r.ini  Ituti-i-  ..I  la.iil*  llri-nt 
i>.t.  .'«    II    II  K.I'  M-...iir...  kv  .liorr  ..I  liuhl  L.ink  ..f  Wliil.- 

(iiiiutli  rtvr,  i.i.iNi.,11'- ,.iii.ill  iMiint  .lU.i.  \\  liiiciii>.utti  l.itN. 
■<n..    I.I    II    II  K.I'.  M     .  I,,«<  I.l  .lii.ir    ..I    Ml    Lank.  Wmnilrii 

rlvrr.  Ih-Iuw  S'*.'n  Siitrr*.  ^.iiif  -'ml  v.ir.l^  il.iwii»Ur.ini 
i  Intm  t'.M  i»<  kv  piimt  .tt  iiiuiitL  ,.1  \\')iii.'tii...itL  rtv.r  .tn.l 
{     oftKi'lt.-   I.iu.'  r...  kv  1^1. tn.l  .11  t..  ,t  <tt  tall-. 

i><,i  .  II   II   II  l-.l'.  .M 1  riulit    L.iiik.  ..n  iM.tiit  |  nittf  lit-tt.w 

j      S'vrn  St'l.-M.   .mil    .i.  i..i«    It. .in    a    .liMriim    aii.l   .  ti.M-    I,. 
1     wl«f  ..1  II, ■(•... 

<Nhi.    I.l   II   II   K  I'M.  I.n  r.i  ky  ilinrr..!  riittil  I. .ink.  mi  i t 

!     i  inilf  twli.v*  s»'v,-n  M,,iffs  .111,1  aLri.^4  It. .in  tli-aimii.   .  ,.ii 

I     dpli  111.11    1...1II  III.-  rivi-r. 

iSn.  4  14  II    K  I' .\l..  I.n    riulit    Lank    aU.v.-   liKt    '  svtiit    . 

Iivluw  N'vt-n  Mati-fH.  a.  tu,,H  Irinii  .^inalt  intantl   u.llMit-nt   ti. 
I     Irfl   Lank. 
|Src.  4-14    II  K.P. M.,  on  It'll  Lank  aU.vi'  low  ro^ky  Jic.liit  nt-af 

head  of  fir^t  ".iwilt"  tji'!,,w  S-vt-n  M^tfr.*.  ..Lcm*  lo  ttlior.-. 
Sh  .  4  14  II  K.i'-M..  .>n  rUlit  Lank,  on  Mjiitli  siilf  of  fiolnt,  .11 

h*'nii  in  riviT  alMiUl   ini.l.lli-  ol  Lr^i    "swill"  Ih'Iuw  S'v.n 

Si.Hler^. 
Hf l»i,i  n -f.  -   4  ami  <   14   II  K  P. M  .  mi  r.K  ky  nhorr  of  nulit 

Lank.  .11  iM-ml  in  river  aUjut  iniiltli.'  of  lir,il  "iiwilt "  Im-I.iw 

S'vcn  M.iti'r.1. 
.s-.-.  N   14   II  KM'.M  .  on  ri«lil  bank.  alMtv.-  .i  narrow  slrip  ,.I 

h.iv    l.in.t  .tn.l   w.ii.'r,  i.iir^'.   \.   45-    !•;.  from  crt't-k  on  li-li 

L.ink.  riviT  1m-iii|-  Ii.  N\\.  ,!^.wn-iriMiii. 
■Sc.    nun    K.I'.M..    ,.n    riillll    Lal'k.    U'liiw    a    low    <inall 

roiin. It'll  (Kjinl  an.]  oi.|H..,it '  ,t  .tiiiall  ,  rtt'k  on  low  rtn  k  oiit- 

1 1  vp. 
S<v.  K   It   II  K  I'M.,  on  anout-lx',        ,  rinht  Lank,  minif  4<in 

li'fl  ■«oiilii  .»f  N.  Ixiy.  it'c.  K  an.l  .  I.,      lo  ..liori' 
(in  riulll  Lank  nt'ar  lii'.iil   of    rapi'U  in  •m"      17    14    II  K.I'.M.. 

iinil  S.  Oll'^  W.  from   ho.isf  of   (fiarlt'ii  (.lu-tatf.*un.  on  low 

ro.  k  milt  rop 
lin  rinht  Lank  in  SW.  i  .ci .  i(>  14   II  E.P.M  .  I.MI  l.ti  wf»l 
!     from  It.K  hmiif  t.f  I'.  .\.  Larnon,  at  riUt:  of  irff't. 
s,-.  Willi  K  I'.M.  .  lo«.- lo  "horc.  on  riiihl  Lank,  070  l.tt 
I      nnrtti  ..f  N.  !hIv    tt-t.  _'IJ. 
IS-..  Jt)   II   II  K.r.M,   in  tiuht  Lan'.. 

iOn  ri«ht  Lank,  ni'ar  »hore.   in  N\V.   1  x't     i'»  14   11    Kl'.M. 

anti  \.  70°  K.  of  hoii.*e  uf  Olaf  rVvhlurfn  t.n  It  ft  Lank. 
,C)n   Iffl    L.tnk.   in   «'<  .    .IJ-II    1!  Kl'.M..   ihiwn-tri'ani  al  i-ilai- 

of  trn-^.  loni.'  1  iittli.'  fmnt  himst   -vf  Jo'tn  Lou  ut.'. 
Sf.   H   li   11    K.r  M.,  I.n   I  ,ht   r.tnk.  .I..-.-  i..  -horf  .in.:  n. 
!      .iiin.nii'r  ,  i.tl.iyf.*  I.n  hr-l   !...i.tl  iiptlr.'.mi  from  isl.tn.i  i.witf.l 

by  I.'i'    lilt  Hmmt-t  Mining  jv  IJfVfloi.itifnt  I  i...  ml  wlii.  h  i-* 

In.  .tti-il  .1  Irlrpllnni'  im.I,-. 
S'l.  H    11    11  K.I'.M..  nn  ri«ht  l..inU,  nn  l..w  rot  ky -hnrt-.  i  lo>i' 

tO'.tmiii.'r .  nll.itii-^  nn  Iit^i  i«iitii  iiii^tn-.tiii  front  is  l.tini  ownt-d 

t.y  I. a.  .Ill  Mmiiii'i   Mininii  vV  Dtv.  !  iiitii.-nl  (  ii. 
Sif.  ^7    li    11  K. P.M..  nn  It'll  hank.    ,i    Ion.- tr.-t- on  tir«t  rtM  ky 

point  up.strf-.itn  frmii  i-ity  itrtlKi-  .inii  .lnwtt>tr.-.itii  rroni  N. 

ImIv.  "«•'*.  -'-'.  M.mt'  7.50  fi'il.  .tl  i'.i«f  of  vfUL't.itinn. 
S-f.  .>;    1,5    11   K.'.M..  nn  lift    hank,  son..-  .5IK1  h,t  tiiKln-am 
\     trmn  lity  hri.lk.'.  .  lost-  tt.  t'liyf  nf  vt-i-i-t.ilinn. 
lli:.s.v.  27    15    11   K  P.M  .  on  l.-lt  htnk,  amtii'  1110  lift   iiiistri'ain 
i      frnlll  hrirlKf  nn  Inl.  nf  liiHht'-t  rnck  .itltl  i  lost-  to  short'. 
jSt'.  27-15    11    K.P.M..  on  It'ft   hank.  ilii«'    to    t'llut-  of  trtf. 
j      sttii.t   SIK)  U,-l  .tuMiialuaiti  Ilutti  lisii  lulitpany '»  it  I'  hnii.si'.tl 
i     city  hritliif. 
. .  .  ISec.  27   15   II  E.P.M..  on  left  Lank,  on  rotk  tHvint  soint'  400 
!     fpt't  lipstruain  frnni  shuck    ai'il   S.    55"  \V.  f^rmn  tisn  corrl' 
]     iHiny'tt  fttorchoiisc  which  is  nn  Houtti  .siilc  uf   iK.int,  IticUctl 

sonic  i   mill'  from  city  LriilKC 


rk\    f.^jm^'^-^MI 


\\'iH»if>fii  Rtvff  Pinter  iinil  Sti>ni\ii'  /wtn/ii,     ■oti.i. 

RKNI  II  M.\IIK»  t'.<<T.\HI.I)>IIKI>    \t>>Nc,    lid    \MSS|I'I'<.   HIV  I'M     I' i' 


.{6.1 


No 
It* 

li;  A 


IM 
I  «.  A 

US 
U«A 

144 

Ut 

IDA 

14.' 

14.1  A 

141 

lllA 

14(1 

1  MIA  I 


I' 


I  IK      i 
I  IXA 

I 

t  IK  II  I 


If.lr*  JIH'II 

II JA    Wi 

ll.'7     II 


h;h  i 


I  h  ..  npliiiti 

Hl.i/r.l   lir,' 

I  h...  Il.,|  jh.l  |,,,ini.-,l  .,ti  KK  k 


«.M    1\     I  I,'..  II.  (I    ,11,1  i,..iiH.-,l  „M  fi,  k 


»  •!•  'in  i  IK., 


M.'ri  mi 

n>:  HI 

».'»  tiS 

Ki;  ii« 
Ki'  i; 
»\ti  a 
•m  4; 

HI'*  n 
MI'I  fil 
nil  II 
IIU1<I 

Mil  im 

XII     Ifl 

Kill  ;< 
mi  70 

HI-'  1.' 
HIJ  lA 
HIH  7H 
HI'I  S'l 
Hll  (.1 
nil  71 
HIJ    Hfi 


HI4 

Hl>) 

"14 

Hid 

Hll 

HIJ 

Hl; 
Hl  I 

Hll 

HIO 

an-i 

HIW 

HI  14 


I'lipl.U   lf,-f 

(  lii^i'l',  :  ,11,1  p.iiMt,-,!  1,11  r,i.  It 
^  III,  li  Ml  k  I'lii,' 

I  lll«)'IU-'l  .111,1  |i.llll(r't  I'll  r,K  k 
H   III,  ll  ii.lk  Itn- 

'I   111,  ll    iHtpl.ll 

'   lilxlli'il  .illit  I'.llllli,!  I'M  I",  k 

"<  III,  ll  'I, 111,  f 

I  )il<«'lli'<l  .111,1  I'.iint,  <l  on  1,1,  k 

10  III,  ll  ,1,1k  ir," 

(  lii'illi',1  .in,l  i,„iiil,,|  ,<ii  i,„  k 

•i-iiit  ll  [tiiit.ii 

I  lil-i'll,,|  ,iii,|  11,11111, 'I  ,111  t",  k 

^^niiiili 
Sniniji 

10  ill,  h  ,,.ik  III',' 

I  In-  ll,',l  ,111,1  ;,.,iin.',|  ,111  r,',  k 

Stllllip 

Hliitnii 

IHiii,  ll  |«,i,l.ir  in.' 

i  tii<i'lli-<l  .111(1  I'liinti''!  ,111  r,i,  k 

(  li'oll,',!  .iiiil  ,i,iiiii.',|  ,111  r,.,  k 

-Sniiiip 

St  mill, 

St  111111' 

IIi,mII,'.|  .iii'l  i,,iiiif"l  "11  1,"  k 

jl  lusill,',!  .111,1  p.iiiil,'.!  ,,ii  m.  k 

isitiiiii,.  1.1,  k  I'm,' 

tstiiini,.  i.itti.ir.u' 
[^luiiiji.  11,111!. ir 

|'<-ili,  ll  iHipl.ir  ti,',' 

Ichi^clUit  .111,1  ii.iiiu,-,!  1,11  r,i,  k 

i'l-iiu  ii  iMii'i.ir  irt'i' 

H  iii-'t'lleii  .111*1  (Mil     ',1  ,111  rmk. 

i7-in,-h  oak  tri'i'.  .    . 


'Sr.      II    n    II    I-   I'M     nn  lilt  iMllk      iiim-    H»ir.-.t   iiii-trr.im 
Irtini   K    li'U     M',      II   ,111   w,iitli    .iiii    ut    luiiiit   .11    fii-t  -uitl 

1      itirri'tit   ImI,,m   ,ii\    litlitijr    ,  liiM*  t,i  «ti,it'* 

!sr.  ,    It    H    II    ^   I'M      «iiiii'   J«lt,,t    iip.tiiiiii  lii.in    t     InU. 

M',        tl.   ,111   Il'lt    ll.ttlk      lilt    «i,itlt     .|,|l-    1,1    IMIIIII    „l    tift    .\ftlll 

w.iti-r  lii'liiA  ,ilv    liliitur    ,,il  ^ti'i'i'  1,1,  kv  I'lnk.  ,  ,in«|,ii  null. 

Irutti   iipittf.iiii 

s,',       II    H    II    K  I'  \l      nil    Irll    iMIlk.    •■Ill'       Mil    lilt    ,li>»ll 

«trf.tiii  Iruiii  K    IhIv   vh     II    ml  imrth  .1,1.    ,il  iinint  .it  lir-,1 

{      BWlIt     n.ilii     l„  l,nv     ,il\      hriilijr,     1,11      .ti-i'ji     1,1,  k\      li.illk. 
I        lOll^l'l,   11,1,1^  ItiilU    iloUII, til*  till 

jV.  .  II    n    II  I    I'M     iiiilitt    li.ink.  •oinr   Jim  >..t,!.  Ii,,iii  I 
I      hill   .'1,     ll.,m  iiutlli  .til,' III  imliil  .It  hMt  -wilt  w.il,  1  Im-I'iw 
1     I  Itv  lifiiUi'   ,  I, Ml'  1,1  .11,111' 

In,.  .  J7    I'l   11  K  i>  \l  .  ,,ti  kI.iihI   .It  hi'.iil  111   »,  -.1  ,  iLiiiiul   ,111 
I      "illlll  .ill.-  Ill  Imlllt     .It  .-.Ihi'  111  tli'^- 
s,',  .  J,    Ifl   II    h  I'.M  .  nil  I'-lt    li.iiik     .It    li".ii|  111    lil-l    ..<il> 

«.!(.■»   'Ill   i*r'.l   ,  l|.||||U'l.    nil   •li-i'ti    rn    kl     liillk.    '    ilHtn    Uml- 

ttiiltl  ,Milllli 
l|.iM'l,il'.    li'U     .,'       J7     Ifl    IIKI'M      nil  1,11   l,.ilik    nil  l"p  ,i| 

imltll   .It    I'lf,.!    M,    Vtlllllt   '    »■< 
I   ),y«-    tn    K      IkI\    .  „',  .   j;     Id    II     I-:   I'   M   .nil    I,  It   li.ilik.    ni,  i',,, 

:     111  i«,iiit  .11  l-iMt  Ml  .\itliiit  Lilli 

In>  j;  ih  III-  !■  M..  ,111  ii'ii  ii.iiik.  ll  i',p  ,'i  iiiiik  i<  1,'1't 

I     niirtli  ,,i  -',  ti,,'i  liii.-. 

s,i,     I'    I'.  II    I'.  l'M..,,ii  1,11  li.iiik,  IKHii'l-  iIhim-  s,-,  ,,i„| 

Ml. Villi, 11  t.ill'.  1,11  .l.i\  li.iiik 
s,.  .  n  ll,  II  I'  I'  M    ,,i,  1,1,  I'.iiik.   Jim  i'''i    .i1h'1>-  s.,1,1,,1 

M,  .VlIlHII  Mil-,  ,,ll  |,«  kl    .h,,|,' 

s.'i,    H    II,   II    |,  !•  M  ,  ,11,  1,11  h.iiik   t,,v(,  I  ,  11,1  ,il  i„,il.iui'   .11 

<«.',,iiil  \1'  Vitliiii  1,11. 
sr,      H    III   II   I'  I'  M  ,  ,,11  Ml  1,111k    ,111  -I,,  |,  r..  kv  I,  ink.  In 

I'.,,.!  ,il  l,,»,'i  I'li'l  1,1  fill. Ill,'   .1-  s,.,,M,|   \|.   Vlllnii  I  ill. 
AVf.l  ,  ll  iiiiii't.  -s '1   \l'  \rtliiir  I, ill-    -Miiltli  -I'll'  ,,I  iM,iiit  ,111 

l-l.in't  ,11  I'll, I   111  i.ii'i'l-  Uliiu  l.ilU.  .It  ,,li|i'  ,,t  till'-, 
I  Hi  iHiini  (lilt  itiiiii  II    \l.  Nil.  141, 

Niirlli  -idi'  nl  iKiim  ,it  II.  M.  Nn,  141 


t   |H,iiii   ,,11  1-1, ,11,1, 

c.Itfi  .    ,  ,,l|-p|,  u,   II- 


VVi'-t  .h.iiiii.l.  s, „|   M,  ,\rtliiir  I  ill-, 

Sitith    -I'l,'   ,,it    -ticp   riM  k    ,it    w,it('i 

knlim  iln»ll.|ri',,lll 

\nrth>'.i-i  .nriiiT.    II   111  II   y.  I"  M,,  i-l,iii,l  .it  s.,,,ii,l  M,  Vi 

Ihilr  l,illi, 
l>n  iinrtli  l»iim(|,irv   "   Ift  II   K  I', M.  ^7<  Icrt  c, -t  ni  iinrtl, 

■M.t  ,  11111(1  14     Ih  II  K,I',M.,  i-l.ipd  ,11    s,'iiiii,|    \l.  Vitlnii 

(.1II1, 
SK,  i«,inl,  1.1,111,1  IhIow  S-,  nnil   M,  ,\itl,iir  I. ill-,  ,111   T,  li,|', 

.C-,  .1    17    1 1  I'   I    M 
s<iutli  .iilc  1-1,111,1  U'l,,n   S.',niii|   \|,  ,\rlliiir  I  III.,  nil  1;    li'lv 

«•,-.   I    17    11  KI'M,.  (Ill  .t.-i'ii  r.i,  ky  l>.iiiU, 
SIX.  7H     ■    70  nil  Ictl  l,.ink  tr;ivir.i'  in  -c  ,    1    17    II    I     I'  \l 

Ij'lt  liiiiik  ».',  .  10  17   11  KI'M  ,  ,,t  ^l.i.  J'l    •    (ll  ,,11  tin,  re 

fnitii  nnrtli  tmiiiKl.try  w,  .    10, 
Kiijlit  li.iiik,  lii-iiil  III  tir,-,!  nariim,,  .lUivi'  (>i,iii,l  iln  11,, 1111,  1,  ,,t 

i-,l«,-  nf  ti.',-.,, 
Il,-.i,l  nt  tir-t  ii.irrow.  ,ilMivr  (>rari,|  (In  llniiiiit.  M,;lit  I, ,111k,  nn 

^licK  lll^  rn,  ky  jinint, 
Miildlc  (it  lir.t  ii.irr(m«.,l»ivi-  (ir.iiul  dii  llnnm  t.  1,11  li.iiik,  ,,11 

iti'i'p  111,  k\   l,.,iik. 
1-flt   li.iiik   tr.i\',T'*('.   ttr,.t   ii.irrnw-  .iIn,,,'  (ir.iiid   'in    H,,iiti,-!. 

Slatlnii  J7    -    1'). 
N.irtli  iKiiiiiil.irv  10  17-11    1-:|',M,     -i.ili,,n     J(,      •     j;    ti,,iii 

iKiltlic.i-t  ((iriit'r  .,(1  .  10, 
IKiulit  liailk,  I'lwcr  end  ti,irr<n\-,  ,ilKivt-  l.i.ind  ,ln  ll,,iiiii't 

I.i'lt   li.ink.    Initl.il   I'nitlt  nf   tln'ti-rilli;  -.t-ithill,   iLtiniM-i  .ilmii' 

t.r.iii,!  ,lii  li,iiint't,  Inwi-r  i-n,!  nl  sti-cp  m  k\'  liink, 
ll.fit  hank,  li,',i,l  nl  (.rand  dil  Hniinct  t.ill-.  nn    t,,],    ,,t    -t,-,  p 

l,H  ky  -hntc. 
s.,iitli    -1(1,'    i-laii,l    at    lic.id   ,,t    1, 1,111,1    ,lii    H,,!iii,t.    (f.iMi-c 

acrn--. 
!\<>rtlli'a-t  (nrmr.  14   17    11  K  I' M 
iLfft  bank,  imiiit  aUiM-  (iratid  dii  Hniiiiit.  upper  -i,!,-, 

'Kiulit    liank,    JIKI  ft'i't   iluwn-lic.ini   tinin   li,.i,|  nl   (,i,,li,l   ,lii 

H,ilinit   (mrt.iyc.  i  In-c  t(,  ck,'  nl   tl,'(  -, 
[Kiulit  liaiik.  nn  latui'  Imnldci  at  -h,ir,',  -,,111,    llHl  v.ir>l-   ilmxc 
I      head  (if  drallij  ilu  llnlillft  I.il!-. 
jHO  iwi  down  ii«iit  bank  frniii  I,iiiik  ni  i.iii-.  11,  ,11  "i.;'-  "i  I,,,'-. 

1 10  feet  iiurlh  (if  B.M.  Nn.  I  'd,  at  (.r.Mvl  '111  Hnnn.  t 

i 

iKirst  point  Ix'luw  first   pit,  li,   imlit    l,,iiik.  (.r.,ii,l  ,iu  Il,iiiii,'t 

I     falls. 


3^  Department  of  the  Interior. 

BENCH-MARKS   ESTABLISHED  ALONG  THE  WINNIPEG    R.VEK.   ETC,-Co»..»u,J^ 


No. 

Elevation. 

LISA 

8(I.S   5> 

in 

80SW 

LUA 

80.i   Kl 

Lli 

8(10  'H 

HIA 

TW    IX 

Ml 

;i).S.02 

U2A 

71)0  7.t 

l.U 

781    21 

LUA 

HO 

LiO.\ 

12') 
12'»A 

128 

USA 

127 

127A 

126 

126A 

126B 
125 
125  A 
124 
124  A 


Description. 

;;iiist'llfil  and  painted  on  rock     . 

S-inch  ijoplar 

lhi.<ellc-il  and  pamu-d  on  rncW..  . 

12-incli  lack  pine  

Chiselled  and  painted  on  rock.  . 

5-incii  iKiplai 

ChiwUed  an.i  painted  on  rock   . 
H-inch  fjoplur 

Clii>clled  and  jwinted  on  rock. 


776  W)    ft  inili  poplar 

7  79  2()    Chiselled  and  painted  on  rock 

77H-4S    ft-indi  oak.    .  .  ■        ■    ■ 

770-5M    Chi.selled  and  iiainted  on  ro,  k. 

77i)yi  0-inch  oak 

778  87  Chiselled  and  painted  on  rock. 

777-74  8-inch  poplar 

775-27  Chiselled  and  painteil  on  rock 

77.^-5,!  4-inch  poplar 

777    1ft  Chiselled  and  painted  on  rock 

775.70    1  histlled  and  painted  on  rock. 

775-35  ITri-e 

709-04    Chiselled  and  painted  on  rock 

760-81     .0-inch  impl.ii      

768-57     Chisell.-d  an.l  painted  on  rock 
Hll  41    Stnmii.  implar 

7S2-2.<    Stnlnp.  spruce 

782-16    Stump,  spruce 

781-82    Stumj),  oak 


Location. 


First  iwint  helow  first  i.itch.  right  bank.  Grand  du  Bonm-t 
fails  on  shelviuB  rocky  sliore.  r-,  .,,.1  .hi  Hnmvt 

Right  b.ink,  JOO  feet  above  second  pitch.  Grand  du  Bonnet 
falls  neaj  ed«ejjf  uees.  ^^^^^  ^  ^.^  |_^  ^_^^^__ ^  ,,^  y^,,,,^^  ,_,„, 


Right  b.inl 
on  top  c 
lint  on  K„  -- 
Bonnet,  at  tovi  of  b.ink 


on  to,,  of  rocky  shore  in  small  bay.  at  '^■",'' "' '"■^^^'i,!";,';: 
Point  oil  tight  bank  6IH)  feel  below  second   pitch.  Grand  .lu 


806 -62    Stump,  poplar 

824-85    Stump.  iKiplar 

814-40    Stump,  poplar 

8.i,i  -48    Stump,  i)oplar 

815-88    Stump,  popl.ir 

811  -61    Stump.  iKjplar 

811-11    Stump,  poplar 

816- 1(»    Stum.i.  poplar. 

815-87    Stump,  tamarack 

8.U-85    Stump,  poplar 

817-J5     Stump,  poplar 

824  50    Stumii.  jack  pine 

8J5-70    Stump,  jack  pine 

800-82    Stun,,.,  twplar f'^rthea"  t  corner  sec.  22 


Point  on  right  bank  601)  f.-et   below   second  pitch.  Grand  du 

Bonnet VJlls  on  to,,  of  rock  bank  on  north  side  „,,.. in 
Right  bank  at  shore  on  east  sitlc  of  bay  above  thir  1  pit,  h.  oil 

Ri^J  !;^;^',^^o^o:;  !;S  side  of  bay  abo...  UUrd  pitch  10 

traveS  line,  niidway  between  third  and  fourth  pitches  ,if 

5(»  feet'' bdowTldrd  pitch,  right  bank,  on  ro,  ky  shore  70  feet 
Duth  of  iT  and  \V.  traverse  line.  .i,id«..y  tatween  third 

50  f^tt";{h  Sni'ne'at  fourth  pitch,  on  right  bank,  at  foot  of 

lo'Teelnorth  of  line  at  fourth  pitch,  at  brink  of  falls,  right 

Right  bank   50  feet  north  of  lower  end  of  Long  Portage, 
kg  t  bink    85  feet  north  of  lower  end  o.  Long  Port.ige.  .,t 

ton  of  rock  bank  ami  facing  out  to  river. 
South  side  of  first  point  below  Long  Portage,  right  bank. 

Right  bank,  south  side  of  first  point  below  Long  Port.ig.-. 
consiiicuous  from  end  of  portage.  ,    ,-  (    

First^Ki.nt  above  Little  du  Bonnet  right  bank  2.s  feet  up- 
stream from  traverse  line  at  foot  of  bank  j 

Right  bank  on  first  iwint  above  Little  du  Bonm  t .  luuicei 
UDStream  from  traverse  line  on  rocky  short. 

350  feeVabove  brink  of  Little  du  Bonnet,  right  bank,  at  edge 

Ri°gh"rank,  some  150  yards  above  I-ittledu  Bonnet  and  3.m 
yards  downstream  from  N.bdy.,  sec.  22-1.    M    l-.l -M-. 

8  fe?t''iu'th  of  station  20  -f  21  on  north  '»''";;;'7j;;;.',",;',!s 

K  P  M     left  bank,  where  line  crosses  small  bai  ahovt  lans. 

600  feel  telow  Little  du  Bonnet,  right  bank,  40  teet  south  of 

Rigr,t-binLlt"'top'of1iieer  rock  600  feet  below  Little  du 

Bonnet  ami  40  feet  south  of  line,  .onspicuous  from  rivc- 
Firs?  i^int  below  Little  du  Bonnet  falls,  right  b.ink.  at  edge 

Right  blnk.  first  point  below  Little  du  Bonnet  at  shore. 

East  tioundary   21-17-11   E.P.M.  sta.   78    -f   40  from  north 

22"ltu  EJ^M"  2^1  feet  north  of  sta^  12  +  46  on  ..fi^et^  ;..• 

from  station  75  *  00  on  cast  boundary,  22-1.    ''   '-'  --*'• 

Statu,"  11    +«0  on  offset  east  from  station  85   +  00  on  east 

Staaon'S'iSroti'offset'E.  from  station  95   +  00  on  east 

SlS'2r+6Vo;'northboundary    15    .7-11    E.P.M,   fn.m 

StaTon  26  +°7™YefTbank  traverse  in  sec.  IS  at  point  at  foot 

Sta[ion'2.r+"i9  east  boundary  16-17-11  E.P.M.,  from  nortb- 

Station'Vr+  ?feast  boundary,  22-17-11  E.P.M.  from  north- 

east  corner  sec.  22.  i,   17   !il.-PM    from  north - 

Station  20  -I-  06  east  boundary,  22-1.-11  E.P..M-  irom 

east  corner  sec.  22.  tj    1-    iiKPM   from  nnrtli 

Station  10  -I-  60  east  boundary,  22-1.-11  E.P.M-  rrom 


,u7.?rth:.asTc^neV,-sec.  22  -^  0  -f  00  of  survey. 
Station  40  4.  25  on  traverse  through  section  23  north.-ast 
Sti™o"nToT2"rorea"t -bofindary  23  from  northeast  crn.-r 
Strt'ion's  +  19  on  line  east  through  sec.  23  from  e.ist 
StatTon'uV62  on  north  boundary  2i-17-U  E.P.M.  from 
n-irthciiit  corn*''"  »;f>r    —  ..  „  , ,       firitfi 

Station  41    -i-  36  on  north  bouiieiaty  2.>-l.    H    L.i.M.. 

Station  pf+°7'"ofe.as"boundary    27-17-11    E.P.M.    from 
northeast  ™rnersec^22_^^^^^^^    27-17-U    E.P.M.    from 


}f-r' 


tr/xw/'/Ti;  River  Povcr  and  Stromic  Invesiiv,(itions. 

BICNCIl-MAKKS   liSTABI.ISIlKl)  Al-ONC.   THK  WlNNU'Eli   KIVKK.   En  ~(  „nlinued. 


•if).i 


IJi 

U2 
l.'.'A 
lit 
IJIA 

Sl.i.  (4 

St...  .(5 

St.i.  .16 

IJl) 

I  iOA 

ll'l 
IIS 

ur 

I  Id 

115 

ll.iA 

114 

113 

112 

III 

110 

I(W 


IDS 
I  (ISA 

in; 

KKi      I 

10? 

1114 


ii}ii.  '  Dt'^.t  rijition. 

■  12  «-in.  h  iKii.l.il 

7(1  H-iii.  h  ii.ik 

■48    (  hi-cll.-ti  .mil  i-iinl.-l  nn  ru.  k 
■46    Cn.iilcl  (i.ili 

■.I')  j('ln-.'ll.-.l  .111.1  iLii'itrcl  i.n  1...  k 

21  lOiik  -lumi. 

XS  ]  nif'  li  -tiinip 

■4'1  'I'.ir.  li  ^tuiiip 

n  '2().in,  h  ...ik 

to     12-in.  h    lin.  Ii 

<)l)  i'l^iii. ii  poiil.ir 
4h     12  in.  h  ii.ik 

16  ;7-ilh  !i  imi.l  ir 

4H  i.-i-iiuh  ...ik 


I 

(Ml!  >tiimp 

U  iiu!i  M.tk 

60    I2-iiulio.tk 

10    H-ini  !i  (j.ik        

Oft    S-iii,  !i  iiiDunt.iin  .i-->li   . 

H\    ;li-'iu  h  iiopi.tr 

f.'J   |i:-iiu  h  iiopLir  ,      . 

SI  iTop  of  in. II  vt.iplf  with  iini: 

_>I  i^-iiu  li  oak 

,S.i  |t  li!-clU-»t  anil  piiiiittfl  on  ukU 

74  ■M)-iii.  h  odk 

Ot  ll-'-in.  !i  sTTiirr,  niaik.-.i  7 .< }  )H 

f.S  '2-i-nu  h  poplar,  niark'il  7H)   TO 

W  ;''-iil.  li  poplar.  ii;,irk<^l  7J>    II 


-ontli  fiiil  of  i-laml  No.  -'.   '.  mil.-  h.lou  I.ittl.-  ilu  Honm-t 
KIkM  liank.  iipprr  nvl  of  iw>i  ;ai;r  at  W  !iiii  iiiuri  falU. 

liiKlit  hank,  on  shore  (lownstn -.uii  (toni  np^rr  nul  oi  poit.iK'' 

^oiiH-  5)1  ffci  on  laryr  houMiT. 
Kii;ht    hank.  Mi  f.-ct  iip-tn-ani  iruni  luwr  -  si  !  mI   Whit.jNij.l 

I.or^a^;.■. 
ki^ht  h.ink.  on  rocky  .^hon-  at  r-it  ot  W  hni-niu.l  i  i!l-.  Iou.t 

I'lt'l  of  >ina!l  I.  [lanncl. 
lop  rii;ht  Iiatik.  (n  iiortfi  of  iippif  i-ii.t  .it  poit.ii;!'  on  tr.i\ri>i' 
■     linr. 
I.rft  hauli  iMsr  linr.  hra.l  ot  talN.  top  of  hatik, 

I. fit  bank  base  biu-.  foot  of  laiN.  top  ol  h.ink 

|StM-.  I-IS-10  K.I'..M.  on  iKHii!  ot    Irlt    bank.    oppo-iP-    h..nir 

,S«*c.  I    IX    lit  K.I'.M..  Ml  bay  on  riiiht  liank,  .  lovr  t..  >hoi.-    ..n 
,      nortii  >i(If  ()f  road  Icadmy  up  tcj  liijni--.ti-ai!-- ot  1-:.  Sauiitur  ^ 
i      iill'i  C.  (arUon. 
,S.-r.  l-IS'KI  l-M'.M,.  on  IrfL  bank,  at  huit  ol  b.mk  soirir  1-0 

:    f.-rt  \.  7>^  \\.  ttoiii  W.I',  on  i:.  bMv.  i..t  1   1^  Hi  i:  v  \\ 
i><'i.  1    IS   in  I-,.1VM..  on  Ic-it  b.ink.on  -i-b-  of   hank    noith   ,.f 
'      iH>rtam?  ami  ^  lo-i-  Ui  Uv.ul  of  Silver  l.ilN, 
S»T.  1-lS    lOK.M.lV.    on    l.-ft    hank,    n.-ar    Iwot    of    bank,    at 

lower  end  ol  upper  t«)ttaye. 
-ei.l    IS   10  i:.I'.M..on  lett  bank,    ii.-.ir   l(.u(t    end    ol    lou.r 

pottajif  ami  .-onie  .SO  yar.l>  to  the    ..i-t    (jt     it    -m    t-.p    ot 
j     open  :oLky   ri.Iwe. 
lOn  lelE  bank  beyond  sinall  dcej    bay  below  Silv-  i  l.ilN.  at  --Ue 

of  tiec:.,  ton-pii  tious  from  the  nver. 
•Lot  7    IK-IO  K.^.M..  on  left    bank.  M)  bet  u. -t    ol    laiidini: 

of  I..  XiiKent.  at  foot  of  bank. 
,   N.  bdy.  Lit   IO-lX-10  K.P.M.,  on    left    bank,    on    iwmt    at 
j     foot  of  bank,  first  narrows  below  Silver  fall-. 
|()n  point  of  left  bank,  at  foot  of  bank  down  lioni  cluir.  h 

'  Near  Nl-:.  corner  lot  14-IS  10  K.IVM..  .  lo^e  t.)   foot   of   t-tt 

bank,  at  south  en'l  of  i«)iiit  above  M.t-kvva  r.ipids. 
Lot  U»-l«   10  K.i'.M,.  on  leti  bank,  in    bay    alx.ve    M.i>ku.i 
I     rapids,  near  f4M>t  of  bank,  down  iioni  boii-e. 
'Lot    1?*   IH-UJ    K.P.M.,    on    iM)int    oi    left    bank,    at    -e.  ond 
i      Maskwa  rapiiis.  near  foot  of  bank,  at  upper  -ide  ot  p^nnt. 
;( In  left  bank,  some  650  feet  up~tre.un  from  V   h  iy.  lot  !•>    1>* 
\      10  K. P.M.  near  toot  of  bank  and  S.    4^      K.    frinn    idand 

abovi'    I'ine  falN. 
;i,ot  I*^    IJ^    10   K.r.M  ,   on    left    bank,    at    top  of    >t.-.p    n^k 

shore,  IiNl  yards  above  h'-ad  of  i  anal. 
Lot  l'>   IS-lli  K.P.\L,  'ill  idaiid    fortned    by   i  mal.    on    to.  k 

to  fast  of  lower  end  nf  i>oii.ii;iv 
I-:,  bdy,,  lot  JO-IK   10  K.P.M,,  on  left  bank,  on   top   of    lo.  ky 
;     shore,  vi'^ible  from  ilownstreani. 
On   riKlit   bank,  on   east   sirjc  of   tir-^t   pftint   below    Manit>iii 

rapid-;,  near  foot  of  bank,  inar  by  Hut.  Iier-^  hou^^e. 
<  'n  iip<tte.ini  -ide  ot  point  ol  jrtt  hank  ,it  J.  Arkiii-nn's  !iou--i', 

a'  ro-:«  and  dounstreani  from  mM  mil!. 
I  In  left  bank,  south  of  ro.id.  .it  .  orner  h.-twei-n  Win    Ske-t  and 

Sam  Kinnard  and  fi(HKe.-r  abo\'-  l-:n;;lidi  MiM'>:t. 
(hi  left  bink.   40(t  leet  up-tn-ani  tioni    U,    II.   (  u.\  .'o  k.  .it 
erlye  of  trees. 
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APPENDIX   VI. 

TEMPERATURE,   PRECIPITATION   AND  EVAPORATION 

TABLES. 

Table  4H.  -Daily  Records  of  Temperature  at  Winnipeii. 


JA.NUARV. 


Day 

of 

Month. 


Temperatcre. 


-17  6 
-HI 
-IJ  > 
- 1  ()  fi 
-II  I 

-22  H 

-  M 

-  nn 
-I'*  7 

-27  a 


11 

-24-S 

12 

-10   K 

1,1 

-    (),i) 

14 

-  s,« 

15 

-    2H 

Ih 

lO-O 

IX 

-11    S 

11) 

-  1   1 

20 

5    1 

21 

.(■2 

21 

1(1,') 

2,1 

4  0 

24 

4  0 

2,5 

,)  «   , 

26 

-  o.,i  1 

27 

-    (IX    < 

2H 

15-2 

21 

15  4 

.«) 

lyo 

Jl 

2tX 

Means 

-   ,12 

-22  .i 
-Ml  11 
-24X 
-il  .< 
-.14  'I 
-,U  0 
-2')  4 


-41    I 

-12-7 
-10  X 
-24  4 
-,12-7 

-  28 
-11  X 
-240 
-21i,,5 
-l,i-7 

-155 

-  2-5 
-115 

-  7X 
-61 

-21  7 
-25,,t 

-12X 

-  t   I 

-  X-4 

12   2 


Daily 
kanKC 


4-7 
II,  <l 
\2I, 
14-7 
12  X 

112 
26  ■ .( 

15  I) 
UO 
HI  4 

16  5 
21   •> 

0,<i 
15-6 

2'>V 

12  X 
21  5 
IM 
1')  4 

IXX 

IS-; 

I  14 

16. 1 


21-4 
24-5 
2S.<) 
l'>  S 
27-4 
12  6 

16X 


Mi-.in 
Daily 
Tump. 


-20  4 

-  2 1  ■  5 
-1X5 
-21  II 

-  2  >i  ■  5 

-2S  4 
-16  1 
-16  ) 
-2H-2 
-.12   7 

-HI  ! 

-21    S    I 

-  4  y  I 

-16,6    I 
-I'll     j 

16   I 

-  1  I)  ! 

-IX  I 
-10   X 

-  4..I   i 

-  61     i 

!-2  ; 

■    ■'■■»    ij 

'■■'    I 

I'll 


II    (I 

1,1  0 

1  -2 


Day 

of 
Momli 


KKBKIARV. 

TliMPKk.Ari.'HK. 


-116   "    M,.,n.. 


.MARCH. 


6  4 
1,1  g 

21  -6 

24  5 
26-6 

2,i  2 
16   7 

24,  i> 
.11  X 
,14  X 

,12  1 
,11    I 

22  H 
IX  6 
2ft    i 

22,K 
.10  5 

.1,1  r 

25  4 
\<l  't 

lOX 

I'll 

.14  1 
415 

JX,7 


-176 
-17-2 

-  o.,l 
0-7 

-  l)-4 
OX 


15 
5  g 


26 

.17-4 

27 

.IX -4 

28 

.17. 6 

21 

2X4 

.10 

2X,0 

.11 

3X1 

Means 

27  -7 

,10 
60 
1« 


7  4 
10  1 
21-6 


24  1) 

-    5   6 

11    1 

-1-7 

21   ') 

10   6 

2,1  X 

12   6 

27  0 

111 

22  4 
14   6 

,10, 6 
,10  ■  ,1 
2H>) 

2')0 
,110 
25  X 
21-6 
24  4 

22 -l 
2'>,X   I 
2,1-6 
,1,1-7    1 
,10  X 

2>,1    ! 


,11-4  ! 


112    1 

26   2 

2')-0 

1)   4 

21) -,1 

17-1 

12   1) 

15-5 

12-  1 

15-7 

-   0  9 

.11),  0 

2.x 

24-1) 

86376—24 


12-0 

1)   4 

1)   6 

16-7 

20   ,1 

17   6 
14   2 

t,.i, 

6,1 
14    1 

II    7 
15-6   1 
21-1) 


X-K  ■ 

l')-X  II 

211-7  it 

25 -X  Ij 

.10  I  :l 

20-1  !| 

_I«_;5)  1 1 

15-2  ii" 


8 
1) 
10 

II 
12 
1  1 
14 
15 

16 
17 
IX 
\<t 
20 

21 
22 
23 
24 

25 

26 

27 
2X 


15 

1) 

-   X 

■  2 

-   (1 

■  I) 

1 1 

-X 

15 

■2 

1) 

-X 

0 

-1 

-   0 

1) 

12 

1) 

11 

4 

17 

1) 

24 

X 

,1,1 

II 

.11 

5 

.15 

1) 

IX 

4 

,14 

X 

12 

1 

12 

'1 

X 

6 

IX 

1 

,10 

y 

25 

4 

1 

1) 

X 

X 

15 

7 

10 

') 

5 

5 

-14-6 
-20  6 

-IX.  5 

-.12 

X-0 

-   5-5 
-14-6 
-17   4   I 
-25   6 
2    1 


16  6 
15-2 
IJ  2 
17-7 
24  1 
6-0 
I  6 

-  0-i| 

0  0 

-  2-0 
10-5 

-  0  6 
-21-0 

-IX-il 

-  14 
-11  1 
-14  2 


64  .1 

41  6 
10   1 

55. .1 
50-11 
62  -  2 


57 

■0 

52 

.  1 

41 

4 

-18 

X 

,14 

6 

42 

0 

52 

5 

54 

X 

60 

2 

5.1 

0 

45 

ft 

55 

6 

52 

) 

62 

.1 

2 

50 

1 

.16 

ft 

47 

8 

5  = 

o 

40 

X 

.16  -  X 
.10   0 

.10-4 
21  -7 
.16  X 
26  0 
,12.6 

.10-,! 
2X-  1 
1.1-1 


24 

0 

20 

2 

-10 

,.< 

.1,1 

0 

25 

1 

26 

0 

.IX 

5 

.11 

7 

42 

1 

11 

X 

IK 

1 

.1.1 

4 

'^ 

1 

.IS 

X 

Daily 
Ran«e. 


.10-5 
12  4 
17  6 
15  0 

15  1 
14-7 

16  5 
.11  6 
10  X 

10  8 
26  4 

X-2 
I7-H 
20  .1 

lX-2 
14  J 

28 -X 

7    5 

1.1    X 

X-6 
20  0 
117 
20-0 
22') 
27-7 
17  1 
22  2 
10  7 


M.an 
ll.nly 
I\-mp. 


0  7 
-14   4 

-  0-7 
II 

II    6 

2    1 

-  7-2 

-  0-2 

-  I-X 
7-J 

8  0 

4   7 

20  7 

24   I 

2,1   J 


8 

i 

4 

4 

0 

-J 

-4 

20-1 

12   4 

-05 

-5-1 
7    1 


7-6 
14  4 
.12  0 
.IX -.1 
24   4 

112 
17-4 

18-5 
24-0 
20  6 

27-6 
2.1-0   I 

10  .1  ; 

0   0    i 
5-0 

20  0   ! 

27   0   I 


.15 

X 

.14 

8 

48 

4 

56 

0 

-12 

1 

16 

0 

10 

4 

40 

() 

IX 

I) 

17 

4 

44    I 

10    1 

.1.1-2 


20   0 

20  .1 

20  6 

1,1-7 

.10  6 

20    1 

'7  -  5 

IX-5 

14-4 

.it)  ,-, 

ll-U 

2'  0 

415 

.11  4 
4(1  S 
45  1 
47-0 
56   0 

15-0 
27-1 
40  -  6 


369 


^^iSfffP 


nwR 


_^7()  Department  of  the  Interior. 

Table  4S.  -Daily  Records  of  Temperature  at  Winnipeg     ("ontiniii-d. 


-— 



MAY. 

Mian 

Daily 
Tiini'. 

Day        - 
of 
Month. 

JINE. 

■ 

Tkmi-bhaiire. 
Max.              Min.       | 

Daily 
Kaniii^. 

Til 

Max. 

WPKIIATlliK. 

Daily 
KanK*'. 

Mean 
Daily 
Tinip. 

Day 

»f 
Month. 

Mill. 

, . 

-    -    -- 

.. 

^ 

., 

0 

0 

^ 

1 
2 
S 
4 
J 

4')  ') 
S4    1 
74  II 
fth    1 

.SS  •  2 

40  H 

too 

42   H 
4)1    1 
4*2 

0  1 

14  1 
(12 
IM    2 

15  (1 

45...   1 

47    1    1 
5X4   • 
57    2    i 
50   7 

2 
( 
4 

5 

7XX 
70  ") 
64  2 
62    1 
64  5 

4ft  •) 
4ft  S 
470 
45   2 
1<)  1) 
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Table  4S.— Daily  Records  of  Temperature  at  Winnipeg— L'tmunucA. 

ion. 
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25 
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10 
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23 
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Tdhir  50.      .Monthly  I'rvi  ipilation  Records  in  the  vicinity  oj  the  U'lnnipeii  River  and 

Ha  sin. 
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Table  50.— Monthly  Precipitation  Records  in  the  vicinity  of  the  Winnipeg  River  and 

Basin — Continued. 


Year  ISHJSJ. 


Month. 

PnEcipitATioN  IN  Inches. 

Winnipcy. 

Kenora. 

Savannt'. 

Pt.  Arthur. 

1  (K> 
J  (K) 

0  hS 
(l()S 
(t>t> 

1  (« 
l-,f5 
.t-4S 
1-77 
2'>l> 
1  96 

J'88 

0'V2 

0-72 

1  OH 

0-60 

March 

1  '41 

Oil 

\\■^y .      .              

OW 

414 

3  24 

1-88 

September 

1-54 

Total    

21   01 

20-42 

iVur  ISS3-S-4. 


October 

November .... 

December 

January  

February 

March   

April 

May 

June 

July 

AUKUSt 

September, . . . 
Total 


,i  68 
I -25 
0-92 
0  61 
1-37 
1-20 


Vear  ISH-I-/I5. 


October 

NovemtxT  . .  ,  . 

December 

January 

February 

March 

April    

May 

June 

July 

AuiiU--t 
Septeinbtr 

Touil 


1-52 
OXt 
I'll 
0-2,1 
0-44 
1-12 
1-82 
1  94 
,t  -0.1 
2-6,S 
I  99 
0-74 

1/44 


Irar  tSSS-86. 


October  ,  , 
November, 
DectMuber,  , 
January. , , , 
February, 

.March 

Anril 

.May 

June 

July 

August 

September, 


Total , 


0-.S9 
0-84 
1-22 
0  61 
0-50 
O-.iX 
1-7.1 
1-19 
1-20 
0-07 
1-17 
4-7.S 

.    .. 

14-85 

Winnipeg  River  Po'wer  and  Storage  Investigations. 
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Table  50.— Monthly  Precifyitalion  Records  in  the  vicinity  of  the  Winnipeg  River  and 

Basin  —ConUmwd. 


Year  IHM  S7. 
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Total 
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O  .S7 

0  .i9 

o;i 

1  1)7 
()  iM 
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.1  (II 

2.94 

2  (12 
I  49 
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(I  90 
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1  80 
(I  40 
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O  52 
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168 
921 
102 
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24   74 


Year  IHS7-SH. 
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November "    '    ,[['[///_'//__ 

December •  •    • . 

January '.....,'.'. 

February ' 

March '.'..'/  

April '.........[[[' 

May 

June 

July :::,;::::;■■■: i 

•■Vugust    

September ,  ,  ,  .  "      .[['.',[  j 

Total i 


•45 
•01 
■17 
•79 
11 
(19 
29 
18 
II) 
■MK 
1  t 
•49 
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Table  50.  -Monthly  Prenpitatwn  Ream:    in  the  vieinity  of  the  .Vinmpe'i  River  and 

Basin     (Oiitiinu'd. 
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Total 


I.IS 
2   .14 

0  62 
116 

1  00 

1  6.1 
.1  •  S6 
0S8 

2  40 
(I  6.1 
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U'iiinifi)-'^  Rivi'r  Power  mid  Slnnn^c  Iiiirsli'^^atioiis 
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Table  50.      Motitlily  Prenpitation  Kcmnls  ni  the  vuitiily  of  Ihc  U'lniiipr'.^  Kivcraiul 

liasiii     ('oiiiiiuifd. 
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41 
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Manh 
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June 

July 
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SepicinlM-r. 


1  III 
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50 
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15 
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62 

(1 

16 

I) 

7  1 

0 

H6 

0 

<).' 

1 

45 

_» 

116 

1 

.W 

6 

51 

4 

65 

1 

12 

Year  IUVT-W. 


(XtolxT.  .  . 
NovciiiIkt. 
Dtnt'itlhiT.  . 
J.ttiu.iry . . . 
Kfhruary .  . 
.Man  h   .  .  .  . 

.April 

May 

June 

July 

.\Ui;u..*t 

S?pteinlKT. 


Total 


l-.il 
0-72 
II  55 
II  ■  SI) 

1  07 

2  56 
II  <)K 
I)  ■  S') 
6- 10 
1-77 
2  15 
2 -.SO 

21   51 


■211 

40 

Ml 

so 

10 

to 

IK) 

10 

IIS 

u: 

41) 

60 

12 

6(1 

1    44 

I  116 

II  46 

II  51 
II46 
II  K7 
1107 
1  IH. 
6    1)4 

1  .«.". 

2  42 
5   4(» 

27-27 


3-i4 
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Table  50.     Monthly  Precipitation  Records  in  the  vicinity  of  the  Winnipeg  River  and 

Basin     ("cntiiuicd. 


Yrav  I  mi  00. 


Muiith. 

rBKtlIMrAIK)N    IN    IstHKS. 

Winnipi-x. 

.^  67 
2  III) 
0  61 
1-77 
0K4 
0  .(6 
2   17 
2-20 
.l-ftd 
106 
.1-42 
001 

Kenoru. 

Savanne. 

Ft.  Arthur. 

(Molii-r  , ,           

2   70 
2  IKI 

0  M) 

1  5(1 

1  ..so 

1    (Kl 

ii;> 
,.1.1 

1  .50 

2  26 
4    20 
.!    70 

2   78 
0  77 
0-28 
0  •  50 
0-57 

0  (4 
2-57 

1  40 
.1  84 
.)  52 

N«)\inil(rr , ,  ,  ,  .    .    

l)f.  ciuIht 

J.iliiJary , , 

Frbriiary 

MarLh 

April    

May 

J  tint-       ,  , . . 

lulv     

AuKii>t 

S<'i>ti'iiilit,'r 

.)  65 

Total 

25  50 

22   14 

Ytar  IS00-I9UO. 


October 

1.85 
0-55 
Oil 
1    05 
0  20 
0  68 

o-,to 

Oil 
185 
4-06 
3-66 
4-22 

1  -82 
0-58 
0-56 
1-70 
0  62 
0  ■  (0 
0-57 

0  .11 

1  54 
4-58 
7-33 
5  0<) 

2  00 
0  30 

0  .«( 

1  30 
O-OO 
0 .  60 
0  20 
0«) 
2-60 

3  11 
5  01 
5   12 

1    70 
1-34 

1-25 
085 
0  20 
0  20 
0-50 
0  36 
2-48 

^■.u 

6-77 
614 

MiiK  h  

Ai-ri! 

May 

July .    ■■    ■ 

Soptember 

Total 

18  64 

25-00 

22  04 

25  .10 

Year  IW<>  <tl. 


October 

November. . . . 
Dect'inbet.  . . . 

January   

February   

March 

April 

May 

June ,  , 

July 

AuKust 

September. . 

Total 


0 

04 

0 

84 

0 

67 

0 

81 

0 

00 

0 

26 

1 

03 

0 

36 

10 

07 

l' 

70 

3 

80 

25 

40 

3-46 
1-25 
1-20 
2-25 
0  55 
0  75 
0(14 
1-47 
3-88 
2  03 
2  ■  53 
1-70 


22  01 


-1  -2.5 
-1  46 
M   00 

■1.38 
n-28 
'112 
'1-27 
'2  05 
4- 10 
4-65 
3  05 
2-35 


26  05 


5  20 
067 
0  ■  30 
0.84 
0-06 

0  66 

1  -57 
0  05 
3-76 
6-24 

2  02 
108 


2515 


.NorK.-  -'.\vfraKP  of  20  yi-ars.     -AvoraKP  of  10  year;;. 


(Xtobcr 

0-46 
006 
0-43 
012 

0  54 
2-88 

1  33 
3-87 
3  46 
I -.-3 
0  03 

2  ni 

0-82 
0-60 
110 

0  13 
0-48 

1  22 

1  -05 
0-84 
5-76 
3-00 

2  04 
2  06 

2-00 
2   10 
0-00 
1-40 

0  (K) 

1  -05 

2  10 
3-30 
2-85 
2    10 
4-35 
2-00 

2-47 
0-71 
0-35 
0-50 
0-26 
0-40 
0-55 
1-80 
5-18 
3-113 
3  01 
109 

November 

UecciiitjiT 

January 

February 

March 

May 

June 

July 

N.'i)tember 

Total 

17-42 

1910 

25  OS 

20-34 

U'ninipfj,  Kiicr  I'owfr  anil  Slont^i:  fHvs.'i'^iilions. 


,^8.S 


Table  50.      Monthly   /'nril>it<ilwn   Krumh   i,i  the  vi,  iiiity  of  the  lVii,,il/>,-j  River 

aud  hasin     (  uiitiinud 


IVjf  imi,'  III. 


I'UKl  IHIAIIOS    !•;    IsTltl  s. 


Krtl., 


i'l.    Xrtljur. 


\«nfMilK-i 

I).-,  .iLlur 

J.inii  irv 

1-t'bruaiy 

M.irtli 

April  

May 

Jun- 

Jiily 

A,iiiil-l        

N-]itillll»T,  . 

T.,(.il 


I  Ml 

II  III 

I  ll.< 

II  >1 

I  111 

II  I'l 

1  Hi 

2  Ihl 


1    4(1 

, 

.NO 

*  ■7'^ 

n  7'f 

t 

s> 

I     - ; 

1  -.is 

I 

'>o 

0   4t> 

1     10 

1 

711 

n   „M 

0    >> 

i 

IK) 

0   2't 

1      (U 

n 

m 

O    'JS 

1  11^ 

I 

Kt 

t      HI 

i  r.4 

(1 

:ii 

I      1. 

t  -Sk 

1 

jii 

I      lti> 

J    K 

r.> 

*      J'i 

t    Utt 

1 

^n 

4    V, 

( 

;n 

S     -(, 

i   it'i 

_M 

Ut 

J  i    MH 

i'ciir  IVOJ-OI. 


<>.ti.l„-r,... 
.\<iv,iiil».r. 
DfifMiLir.. 
Jaiui.ii>  .  . , 
iM'tiruary. . , 

Mar.li 

Ai.ril 

Nlay 

Jiiiu* 

July 

AliuiHt 

ScltUMlitu  r. . 


II  <i'J 
I    ill 

I  IIJ 

II  17 

IIK.S 


1    4J 

I  -IKI 
I  JM 
.1   4H 

IHJ 


i        '■""  1 

J     III 

II  4(. 

ll'NI 

I.;? 

1  -TX 

■4_'.'   i 

.'    ill 

5.5.S 

=.  ■  ,1.1 

!         I  hi 

1    ti7 

•               1  -SM 

.il7 

1             '-■■■'    1 

JOSS 

It     IS 
II    IS 

II  .'  i 

II     IS 

III 

II  id 

2  .i\ 

.i  III 

J  'II 

J  fii 

i  -11 

IVHi 


y,<ir  i-mi-n;. 


II.  KHIIT.  , 
\ov.-ii.lii-i 
IVi.ir.lMT 
Jamiar>-.  , 
Fi'hrilaiy. 
.\Iar.:li... 


April 
May.... 
Jiin<-   .    . 

July 

AllKUst . 
Sfiiti-iiilii 


Total 


I  51 

II  IJ 

I  In 

II  .111 
II. j; 
1  ■;« 


■1  f,_' 

4   .l.i 
1    41 


(I  HI 

II  f),i  1 
JIJ 

II' I  i  j 

ll-OJ  i 

I  'S  ] 

II  1)4  I 

.151 
4IS 


I  mi 

II  Ull 

II  I'll 


44 

4i 


.l-6i 

II -.is 
1       I  I 

"I   Zl 

II  J'l 
1  41 
1  li 
-'14 
I  -111 

;■  i.t 
I   111 


Veur  IVili-Oi. 


OttolxT.. 

Niivcliihci 

Disi-riili'T 

January.  . 

Koljriiarv 

.March,.' 


Aiiril . 
Ma 


June 

July 

AuKUflt 

Scptt-iiitH-'r. 


Total. 


Note.  - 'Avi-raci-  of  20  years.     ^Xveracf  of  10  years. 

8G37G— 25 


J-4i 
1  41 
IMS 
1-4I) 
0-7.i 
0111 
0-20 
.(•Wl  i 

4-X4  ; 
112  I 

6-65   I 

0  VIJ  : 

2J-K7    1 


1  -.HII 
1    S.l 


IIMII 
I     III 


II    III 
II    IS 


-'  .i4 
I    IS 


3S6 


Prl'intnifiit  of  the  Interior. 


Table  50.  -Monthly  Precipitation  Reiords  in  the  vidnity  oj  the  \i'innipe\i  River 

and  liasin     ("oiuiniii'd. 


Year  l90*-()7. 


B 

g 


(1.  Icihit 
N.iviiiihtr 
Di-ciinh.,    . 
J.iilil.ii\         .    . 
Ki'l)ru.ir>    - .    . 
M.ir.  h.      . 

April      

Miy     

Jiitu-     

jHlN     

AllKil-l     

S-pl'-iiib»T.    .  , 

T.iL.l. 


I'K  ll'Ii  \ll"N    IN    In<  his. 


WimiiiH-K. 


1   »7 

1  .'(> 

2  12 
«  27 
I  12 
(»  H') 

0  I); 

1  M 

i  OH 
.\  ■<«» 


or 
n 

■I. 
20 

1 

V-. 

1 

Ml 

,1 

Sll 

(1 

SI 

1 

>N 

1 

1(1 

M 

411 

2 

.^ 

S 

ill 

h 

4.^ 

■' 

2S 

2(1 

5(1 

I't.  Arthur. 

2 

IH 

4 

I'l 

U 

.^S 

1 

().< 

u 

wt 

1 

hi 

1 

til 

(1 

HX 

II 

7> 

s 

1)4 

5 

(Ki 

.1 

•2(> 

Nun-.      '.\l.|.l.ixirii:ilu. 


I'l-Jf   IVU7-(IS. 


O.  l.iliiT 

Niiviiiil-tT 

IJi'.  .liiln-r 

J.iiiii,ir\    

bdini.iry 

.M.ir.  h  

■  Mini    

M.iv    

JiiiH'    

July 

Aiiuu-t   

S-pti-iiilifr 

Total. 


II  411 
(17  2 
II  IK 
,1  44 
I  .SI) 
I  ■») 
I  7S 
,(  111 
.<  II 
1  7i. 
2-  14 
I    .M) 

|ii.  ti 


0 

(iS 

II 

•111 

o 

^5 

II 

Ul 

I 

211 

II 

(III 

1 

IIS 

1 1 

so 

u 

II) 

'4 

III 

i.i 

u 

2-' 

l.s 

247 
1.(15 

(1  112 
0-47 

1  (i7 
(1  s- 

2  Hi 

3-70 
1   06 

„..iiii-.:_ 

,i.71 
I  Oil 

22-47 

Nun;.  -  '.VviTLUi- 111  n  yiii.^. 


Ycir  I90S-(><1. 


0<  tolilT 

N'lVCTllluT 

Di-.fiiilifl 

Jiinii.iiy 

K<-lini.ii  V 

M.ir.  Ii 

April 

M.iy 

Jiii-.i' 

July 

.•\ili;il-t   

St-pti'iiilj'  r 

Tol.il. 


'.\ppro\illi:iti'.      -.\\i-l.ilic  ol 


:  >car3.     -'.Vvorafio  of  14  years. 
Year  tWV-IO. 


fVtolur 

Noviniber ,  ,  , 
Docrnilicr     .    . 

J.iniKiry 

Feliru.iry 

M.irch 

April 

May 

June 

July 

AuKU>t 

SoptenibiT. . . . 
Total 


,S2 

S'l 

w 

J  5 

.S(i 

(iS 

4') 

(i.S 

M 

m 

2 

75 

20 

07 

110 
(111 

.S2 

1] 

li; 
.III 

.10 

l|l 

.1(1 

.11) 

2(1 

50 

.  1% 

no 

21 

S.I 

I  hi 
I    20 

0  71 
OiK 
0-2.1 

1  62 
076 
0-54 
2-«S 
1-47 
J  42 


71 


Note. — 'Approximate. 


U'lniiiff^  River  I'o-cer  ami  Slora-,'  hm-sttv.nti(ms. 


in; 


Table  50.~Monthly  rn-cif>itatioH  Rramls  i,i  the  vuinity  of  llu-  ll-„..;,>^.  Riv, 

and  liti.\in     ('(includid. 


Yr.lr    I'JIn  II 


Ntijtith. 


(MoInt   ... 

Nuvrllllit  r 

Uf..-n.li.r.. 

J'tnil.ity 

l'i-l,ri]..ry 

M.ir.h 

AlMil 

M..y    

Jum-   

July 

Aiiull^t 

S'litt-nilier 

T,)tal 


I'HtLlFltArillX    IM    iN'.MKt. 


Winnitw'K. 


I    IIM 


J 'III 

J    .1  4 

J  1 1 


\<.ii...-'Av 


tmr.i. 

S.ivanm 

2  f>n 

2  ir. 

u  ui) 

0  'Ml 

'0  1,^ 

IMO 

i  *«t 

.'■M» 

7  -m 

4   ^0 

*  ;o 

U   «4 

iJl  14  yiMfs. 


lV,jr  I'/lli: 


(VtolnT 

Xoyt-nitnT. .   . 
I>t-i  i-mh(-r. . . . 

January   

I'cbriMrv 

M.ir,  h 

April 

M.iy 

June  

July 

Aii«n-'t 

S  ittrintfcr.  . . . 

Total 


(I  '.'I 


n 

ill 

n 

IK 

(1 

Mi 

! 

2^ 

( 

.'■J 

II 

'11 

r» 

II 

1 

(il 

s 

4y 

21 

7'* 

i 

III 

I) 

411 

1 

I'l 

0 

»S 

II 

411 

II 

wt 

.1 

.10 

0 

Ml 

4 

Mil 

N 

HII 

4 

.^11 

' 

111 

1 

li 

1  .-.jr   I'JUII 


(Ktcbi-r     

NoVfllllllT 

Llt-ci'lllbtT 

Jali!i..r>' 

1-i-liruary 

Maiili 

Aiiril   

June 

July 

AllKU.-t 

S'ptcnibcr 

Tutal. 


I  1^ 

II  11 

II    IK 

II  7  s 
II  61 
(I -.16 

0  41 
II  Vt 
.i-27 
2IW 
4    71 

1  27 

Ki  114 


4 

-Ml 

II 

KI 

II 

ill 

(1 

X(, 

(1 

«) 

II 

h.S 

0 

Ml 

If 

.") 

i 

m 

,t 

H4 

4 
1 

n 
iii 

I'l 

1 

Xuih.-   'Tliis  aiiii  all  .-uli>c.iULiit  record -i  .it  K.--n. 


i.ioht.iiu,   1  hy  Dominion  Water  Power  Br.inch. 


fXtobrr 

November 

Diveni^K^r, . . 

January 

February 

M.inh 

Aprii    

May........ 

June 

Aumis; , 

Sej)ieinber.  .  ,  . 

Total 


0-7  7 

3-21 

II  wS 

1  •  (•' 

<)>l< 

Oils 

0'7V 

1     (0 

0  ■ ».( 

0  4.' 
0    If) 

I)-7.S 

1  -71) 

II  5  J 

I  X7 

I  ■4^ 

•1  ft- 

7    14 

,1H(I 

2  05 

2   12 

2iH 

4  07 

IS  20 


I't.  Arthur. 


2  4  ft 

1  ."I 

o  41 

0  >rt 

1  -K 
11  7  1 

II  r.7 

2  Ifi 
f.  2) 
t  111 
2  'III 
2  'Jt 


I  hS 
I  ^2 

1  Hi 
II  2ft 
Oil 

0  Ift 

2  Ml 
Mil 

1  !■> 

1  'j7 

2  i* 
4<(J 

21    9  J 


I  20 

II  42 


o 

S4 

0 

1 

Sft 

II 

4.i 

J 

It 

r> 

J<J 

J 

S7 

»-i 

8b37G— 25J 


22   96 


.18S 


l>vp<irlmf»t  I'J  thr  liilrriitr. 


Tahir  5/.  .Metforolo'^inil  Paid  .'>ri  iind  in  miimi  lii»i  '„ilh  llii'  mtl>ornlii»i  slutinn 
vstahtished  l>y  the  Ifiiiuniioii  W'atrr  I'ourr  liramh  til  Kievatin  on  lliv  Liike  of 
the  W'luuii. 

MAV.    Wit. 


Day. 


10  . 
II 

II 
It 

IS 

II. 

17 

IS 

I 'I 

i» 

21    , 

21. 

2J 

24 

25. 

26 

27, 

2«. 

29. 

JO. 

31 


ri  ii'kk,\rfBK 

IS    lU.uhKts   l-.MIHIiMII'ir. 


t.ak.- 


Total 

Average. 


T^mli. 


M.'.iii 
D.iy. 


44 

.«() 
<0 

It 

\! 

17 
M 

411 
It 
41 
4K 
SH 

Ml) 

51 

.s« 
(.1 

T.S 

S7 
fiO 


\'.l,„itv 
Wllul. 


Dir.'.  - 

(ImM 

Wm.l. 


Mil.-, 
hour. 


I  4ri 
0  <4 

II    M 
.1-77    I 

s.;ii  j 

f.    711 

II  ."H 

.I-4X  ! 
i  hi 

.S-KJ    j 

l<  M    \ 
4-l«   I 

\s* 

t'MM    j 
6  117    I 

"  "■  i 

.'•S(l  I 

■i     IK    I 

I   nil  I 

.(■2i    j 
4    tl 


M.ir.i- 

llUtt'l. 


lilt  In* 


1-.%.,|.,- 
r.tti'in, 


S't  t.iiik 
II  IKI 
11  III 


IIU 
(I'll 
0  24 


II  1115 
I)   I'lS 


II    ISII 
O    1  Till 


tl  117 
II  IKI 
O  05 

II  no  I    II  II  Id 

II  III    i      II    Kill 

II  im  I    II  IHI5 


lliinti- 
.hty. 


Pit  rrnt. 


\ 


II  Wi 
II  INI 
IIII7 
II  111 
II  0,5 
(1(K15 
0  Ifl 
OIA 
11115 
0  114 
1 10 1 
IMHI 
0  112 

lion 


1    .16 


II  ll.'ll 
l|.(H15 


0   II2II 

o  mil 

II  0411 


Ill/     //'»';;  Klirr  /'owrr  iiiiil  .S/i<c(/:;c  lnir\li:utti«ii  • 


,«><•) 


I  ilhli'  ■>  I .  Miliornlo'^iiill  Pillil  \ii  iirnl  in  ,  (iiiiiii  tinH  with  tilt'  iViipiiniliiiii  ^tiitiini 
fst'ililiihal  liy  till-  l>iiiniiiii>ii  ll'atrr  I'o.^tr  lit, nit  ii  ,il  Ki-cuiilni  on  tlu-  l.,iki-  nl 
till'  Woods     ( Diitiiuu'il 


Jl    M',     I'M  1 


D.n 


-1, 

4.. 


III 
II.. 
\i  . 
U.. 
14   . 

!■; 

lb  . 

17,. 

I.H 

VI 
JO 

Jl  , 
il.. 

23.. 
24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
.10.. 


T^MI'ltRAII    W).- 
IN    llhl,MV.tx     |.  ttlKKMIKlr 


Total   .,, 
.\vtTagc. 


Llkv. 


Si   II 

>l  II 

.Mill 

<•!  II  I 

1 

sj  II  ! 
■il  II : 

M  II  j 
Sli  II    I 

t 
51  II  I 

.^.vii  I 

.5(1  11  I 

Ml  II   I 

M  II  ! 
(ill  II  \ 
bl  II  , 
..Ml  I 
b.'  * 
bt  11  I 
bl  .5  I 
bS  II  I 
ft,S  0  I 
bbll  I 
bS^S   I 

...   j 

bb  II 
ft.S  5 
bS  I) 
b7  II 
70  II 
bit  ■  S 


T.ink 


..  I.  I 

M  II  I 

.5  Ml  I 

^1  II  j 

s:  II 

SI    II 

i 
ss  n  j 

w  II  I 

Si  II  I 

SM    II 

bl-S  I 

bl    II  I 

IM   II  I 

Mi  I 


I 


bll 

bj  •  S    ! 

1 
b.l-S  I 

I 
b_»    II 

b4   s  i 

ii^l  II  i 

b?'s  i 

bb  0  I 

b;.i,  j 

bb  II 
b^  .S 
bT  II 
70  II 
ft<)0 


M>  II 

Sb  II 

Sb  II 

bll  II 

SK  II 

ill  II 

i.>l    II 

I 

M  I)  I 

71)  II  ; 

bl    0 

l,»   I! 

;i  II 

b'l    II    ( 

.'_'  II 

HO   II  ; 

bX    II  ' 

b<    II  i 

;  1  -  i  : 


.  s  II 
Vb  II 
.iX  l| 

;i  o 

'M  U   i 

7,i.n  j 


M..111 
l),.s 


«<  s 

M  II  j 
4'>  II  I 
SI    s 
S.'    II 

II  II 

lb  s 
.M.U 

S'l  11 
S*l  II 
bl  II 
b7  II 
,11  II 
bb  II 
bX  S 
bl  O 
S|  s 
S»l  II 
OS  u 

bl  i 
IMI  1 
bl  II 

b;  s 
; .'  -S 
;ii  II 

bl  II 
S.I.S 
b7  -S 
b'l  II 
64 


llin-. 

\.l..,,l)  ll..„ 

Mill.l.     I    Wtb.l. 


Mllr.< 

1«I 
tl'ltll. 


K   IMI 

.'XI 
4  'M 
b   4S    I 

Lim 

;   I'l  I 


J  It 

I  4'< 

1  '-i 

b  117 

.1  XH 


.'-  u 
I  IK, 
I  lb 
I  II 
1  II 
I  'HI 
4  SI 
4  IS 
.S  bl 
SbS 
SXS 
i.S7 
4..SX 
n  ill 


>!■:. 
N\V. 

si' 

\V, 
>\\ 

>u 
>\\ 
s\s 

N\V 
s\\ 
M-, 

I', 

SI-.. 

u 

N 
N. 


M-:. 
sw. 

sw. 

NK. 

N. 

\W. 

SU 


SW. 
K. 
I-.. 

s. 
sw 
sw. 

N. 
N. 

.\K 
NK. 
':• 

si;. 

SK. 
sW. 
SW. 


B.in, 

nil  111, 


IlKlll-H 


j'l  4;  j 

Ji<   41 

I'i  111  ' 
-">  .'I  ' 

i<l   lb   [ 
J'llMi 
JX  Vb    I 

i'.n  \ 

•'>    lb    ! 

i'l  lb 

!•!  tb 
i'l  lb 
i'l  II 
J'l  411 
i'l  r- 
i'l  1 1 
i'l  ^i 
."III 
i'l- 411 
i'l    ib 

."111 
Ji;  III 


JX    Sb 
J'l    1  1 


J'l    IS 
J'JIO 

J'>  II 

JX-'HI 
28   % 


Kv.iiiii- 
I  iti'in 


II  III 

II  ii'i  I 

II  III   I 

II  II 

0  117 

II  I  I 

O  III 

0  III 

II  III 
II  III 

II  114    : 
II  llj 
II  III    I 
II   l.K    j 
II    II     ■ 
II    I  I 
II  Hi- 
ll lib 
II  II'I 
11    I  1 
II  IIS 

II  II 
II  OX 
O  IX 
II  IM 
II  lib 
0  OJ 
lllb 


In,  lu  « 


ililiui. 

'IllV. 


I'l'l  mil 


IX  II 
SI  II 
l,X   II 


XI 

74 

XI 

17 

71 

fill 

bl 

7S 

bl 

.b 

bS 

>U 

II 

II 

II 

^1 

SI    II 

'III  II 


bio 
bl  II 


XS    II 

7X    II 

I'JII 
bj  U 
S4  U 


%M* 
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5_) 

52 

4(1 

4') 

7  ') 

N\V 

2x  ,X2 

15 

52 

51) 

,1') 

1)   1 

NW, 

•'>    1  5 

52 

5  J 

15 

,17 

4   (. 

2') ,  1  <) 

15 

5  » 
5i 

4') 
51 

,!■) 
42 

,17 

2    ,H 

\i:. 
,\i:. 

21)2  5 
.">■  25 

17 _ 

5(1 

4.S 

41 

0..*J 

.K, 

2')    1  7 

50 

50 

14 

42 

.V    1 

SIC, 

2')  0(1   1 

18 

50 

4') 

40 

5    .s 

,\\\. 

,'.5.')4 

50 

,50 

IX 

,1« 

5    (. 

N\\ 

2.5, 1)0 

19 

4M 
4H 

47 
45 

2S 

.11) 

5,(1 
.S    (; 

N 
N 

'X    <)(, 
2S  *i'> 

20 

4>. 

44 

2(1 

5    (■ 

\. 

2X  ,  70 

47 

41 

20 

.10 

1    (1 

N, 

2X72 

21        

4(1 
4(> 

4.1 
44 

20 

1') 

2   (i 

.1.1 

NW, 

2X  70 
2K   (i7 

2j 

4() 

44 

10 

.1    0 

SK. 

2X   (i7 

46 

45 

.15 

27 

.1    ■) 

j> 

2S,(i7 

i.l 

4fi 

45 

1(1 

11 

t,. 

2X   50 

4<. 

45 

,l,s 

.1.1 

5   ') 

s. 

2X,4»   i 

21    ' 

4(1 
40 

45 
4(1 

,1S 
41 

,17 

.1,7 
5  .5 

\'\V. 

\w. 

2X,  7  i 
2X   XO 

25 

4(1 
4f) 

45 
45 

17 
,17 

10 

.1-') 
4    1 

NW, 
NW. 

2X    K4 
2H   ')2 

2ti   ' 

45 

41 

12 

1    ') 

NW. 

2')  IK) 

45 

H 

,l_i 

.1.1 

4  ■; 

2X,<)5 

27 

44 

41 

.14 

5 ,5 

NW. 

2X72 

4; 

4  i 

,1^ 

.10 

1    2 

NU, 

2X70   1 

28 

41 

411 

,11 

5    4 

NW, 

2')  OX    i 

4,f 

II 

21 

20 

7  ,  1 

NW. 

2'),|  1    j 

29 

4.1 

4(1 

J  7 

<.  < 

Nlv 

2,), 10 

2'),n 

4,1 

40 

2! 

l'> 

30 :' 

42 

40 

21 

SW. 

2'),  10  ! 

42 

40 

17 

24 

4   7 

SW. 

2'),  1(1 

31 

41 

40 

2(1 

4  (I 

SW. 

2'>-20 

L 

41 

42 

,17 

.11 

10  2 

SW. 

2'>    1  (1 

ToUl 

AvcraKf  . 

50-2 

4>»l 

,17-8 

III.  1 

H-i, 

112 

IKi 

(Ki 

05 

07 

05 

05 

1)1 

1)4 

04 

01 

01 

n 

n( 

n 

Uh 

It 

OS 

u 

11 

0 

0' 

0 

ot 

0 

01 

n 

11 

0 

1M( 

n 

OS 

(1 

O"^ 

1) 

07 

0 

04 

0 

OS 

() 

Oi 

1) 

Or» 

(1 

04 

0 

0,S 

n 

Ot 

n 

Or> 

1) 

01 

It 

01 

II 

iUt 

0 

01 

n 

0.' 

1) 

0.' 

0 

0: 

u 

ot 

II 

01 

0 

01 

0 

04 

1) 

01 

(1 

0' 

0 

01 

Kaiil, 

Hum 

ihn 

In.li.'s. 

r.-i  n 

0   015 

0  (.4 

0,  12 

0   01 

0  7,1 

OOX 

0.<)S 

0-02 

1)    1(1 

1 

0   (12 

0   (II 

0  11(1 

1 

0    14 

,1    14 

(|,  los 

71 

VI 

100 

1*5 

X4 
')! 
loo 


Mn 


Department  of  the  Interior. 


Table  51.—  ^ :,eorolozical  Data  secured  in  connection  with  the  evaporation  station 
estahlished  hy  the  Dominion  Water  Power  Brandt  at  Keeuatin  on  the  Lake  of 
the  1 1  'oods  — ( 'on  t  in  iicd . 


N()\EMIiKR.    1913. 


Day. 

IN 

Temperature 
Je(;rees  Kahkenheit. 

VrloiilV 

Wind. 

Direc- 
tion 
Wind. 

Baro- 
meter. 

Evapo- 
ration. 

Rain. 

Humi- 
dity. 

I.ake. 

Tank. 

Air. 

Mean 
I  Jay. 

1 

41 
41 
41 
42 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 

39 
41 
43 
44 
40 
39 
40 
42 
41 
42 
40 
44 
40 
40 

33 
41 
38 
43 
34 
28 
37 
49 
42 
44 
41 
45 
.!.! 
20 
20 
29 
21 
14 
10 
!8 
26 
3i 
30 
35 
25 
24 

'A 

32 
35 
36 

37' 

41' 

30 

28' 

26' 

27' 

ii 

24' 

33 

27 

ii' 

28' 

fS' 

40 

.io 

29 ' 

34' 

35' 

27' 

32 

32' 

24' 

30 

35 

38' 

35' 

33' 

Miles 

per 

hour. 

3-6 
67 
15 
18-3 
2-2 
7-8 
4-0 
8-' 

1 
_-9 

12. 9 
1-7 
5-6 
1-7 
6  2 
2-4 
2-5 
2-5 
50 
4-3 
SO 
S-? 
9   1 
5-5 
3-0 
2-6 
9-2 
3-9 
6-1 
2-5 
3  8 
6-5 
6-1 
2-7 

10-1 
3-0 
7-3 
1-3 
7-2 

II  4 

I3-S 
1-2 
3-3 
9  4 
3.7 
28 
7-5 
3-4 
5-8 
5-9 
4-2 
2-3 
2-6 
4-3 
4-9 
4-2 
1-4 

S.W. 

s.w. 

S. 

Calm 

N.W. 

N.W. 

S.W. 

s.w. 
s.w. 
s.w. 

S.E. 
S.E. 
N.W. 
N.W. 
N.W. 
N.W. 
N.W. 
N.W. 
N.W. 
N.W. 
S. 

s. 

S.w. 

s. 

w. 

N.W. 

s. 
s.w. 
w. 

vv. 
s.w. 

s. 

s. 
s.w. 

N.W. 

w. 
s.w. 

w. 
s.w. 
s.w. 

Calm 
N.W. 
N.W. 
N.W. 
N.W. 

N. 

S.E. 
W. 
N.W. 
N.W. 
N.W. 

S.K. 

S.E. 

S.E. 

S.E. 

S.W. 

s.w. 
s.w. 

N.W. 
S.E. 

Inches. 

28. 97 
29.27 
28. 79 
29.09 
2  8. 96 
29. 26 
29-02 
29-32 
28-70 
29-00 
28-49 
28-79 
28-73 
29-03 
29-03 
29  -  33 
29- 10 
29-40 
29-08 
29-38 
28-70 
29  1)0 
28-66 
28-96 
28-85 
29-15 
29  - 1 3 
29-43 
28-95 
29-25 
28-64 
28-94 
28-60 
28-90 
28-85 
29-15 
28-55 
28-85 
28-58 
28-88 
28-48 
28-78 
28-82 
29-12 
28-92 
29-22 
28-92 
29-22 
28-82 
2912 
29-05 
29-35 
29-02 
29-32 
29  (K) 
29  .«) 
28. 94 
29  24 
29. 03 
29-33 

Inches. 

003 
0-05 
0-02 
0  OS 

Inches. 

Per  cent. 

2                                  1 

74 

1 

76 

4 

0-06 
0-05 
0-0<) 
0-03 
0  1)4 
0-03 
0-02 
0  02 
Ice. 

79 

5                                ^ 

67 

] 

63 

[ 

88 

8                                ' 

0  75 

95 

87 

9                               f 

72 

10 

U                                ' 

0(15 

84 

12                             ' 

95 

n                     ' 

1 



87 

96 

IS.. 

\ 

100 

16                               ' 

91 

17                               ' 

41 
46 

25 
28 
36 
28 
35 
39 
38 
33 
27 
28 
30 
35 
34 
35 
30 
30 
24 
29 
32 
37 
36 
39 
39 
36 
33 
32 

\ 

80 

18                               ' 

88 

19                               ■ 

85 

20. 

) 

79 

21                               ' 

oo.i 

001 

0-02 

95 

22                               '( 

89 

23                               [ 

0-05 

69 

24 

72 

25              .  .               / 

73 

^()                               ? 

76 

27                                ' 

86 

28 

96 

^9                               ) 

M                               : 

0  46 

100 

0-02 

95 

Total.. 

1-35 



31   6 

0-045 

Winnipeg  River  Power  and  Storage  Investigations. 


Table  51. — Meteorological  Data  secured  in  connection  with  the  evaporation  station 
established  by  the  Dottiinion  Water  Pouer  Branch  at  Keeu'Ctin  on  the  Lake  of 
the  Woods    -C'oritinuwl. 


DKtK.MHKR.  l')H. 


Uay. 

IN 

Tl;MPKK\riRK 
UlvUKKhS    F.XHkliNHEIT. 

\'»'l0(  itv 

WinJ. 

Miles 

pt-r 

hour. 

2-2 
1    3 
1     . 

3') 
.1-9 
7   4 
.S  (1 
.M 

1  S 
4  .=i 

170 

3-3 
4    1 
71 

2  9 
10   1 

6   0 
2  4 
2» 
2-6 
2-S 
1    0 
0  7 
4  .S 

Dirw- 

tion 

Wm.l. 

Kaill. 

Ituini* 
(lay. 

Lake. 

Tank. 

Air. 

.Mian 
Day. 

lUflfr. 

ration. 

1 

32 
.12 
M 
.i2 
2'> 
.fS 
32 
41 
2H 
.i.i 
2(i 
20 

n' 

33 
.1 

.*7 
.i4' 
'24 

s.r.. 

N.W. 
N.W. 

W. 
S.W. 
S.W. 
S.W. 
S.W. 
N.W. 
N.W. 
N.W. 
N.W. 
N.W. 
N  W. 
S.W, 
S.W. 

■S.W. 

N.W. 
N.W. 

S. 
S.W. 

w. 

S.I-:. 

Calm 
S.W. 

Inches. 

InLlu-s. 

InLhc-i. 

IVr  i-t-nt. 

29  10 

29  2« 
'29^27 
29^09 
'  2H<)-. 
2,S.96 
' 29 ■ i 1 
'2S-95 
2K.sr 
2S.92 
2.S.75 
2H  83 
28-88 

95 

1 

90 

3 ; 

95 

4 

5 ) 

86 

85 

tt                               '. 

7 

68 

H / 

i 
9 

12 

22 

2'> 
32 

.Ti 

27 
.(4 
22 
29 

12 

'29 

31 

"26 

26 

94 

10 

89 

8S 

11 ; 

u ' 

88 

13 

86 

14 



27 
2X 
2S 
3> 

14 
2.> 
12 
12 
0 
12 

-  1 
.s 

V 
17 
1» 
20 
10 

3 

-  9 

19 

27 

31) 

2S 

19 

ij 

.s ' 

12 

16 

5 

10 
■  ■    y 

io 

IS 
20 

i6 

;9.05 

15 

4 '  > ' 

21 

loo 

10-2 
7-4 
0-9 
4-7 
3-3 
.S-K 

0  4 

'6:.(' 
2   S 
!  -7 
2-2 
3-2 

1  6 
60 

S 

s.i'c. 

S.W. 
S.W. 

N. 

N. 

N. 
N.H. 

N. 
N.W. 
N.W. 

NAV. 
N.W. 

S.E. 
S.K. 
S.li. 
S.E. 
N.W. 

28-82 

88 

16 

28-71 

28^89 

78 

17 , 

7s 

18   . 

I 
19 

28-90 

28-81 

'    28-73 

20 ;' 

21 ' 

28-82 

1» 

28-86 

23 

28-78 
"28-92 

24 / 

2'          ,                      1 

30 

"i'l 
2-2 
15 
1-4 
14 
7-2 
10  0 
4-4 
4  1) 
2-9 
,11 
51 

S.E. 

s.e! 

E. 
N.E. 
N.W. 
N.W. 

NAV. 
S.W. 
N.W. 

N. 
S. 

s. 

' 

29. 01 

25 

I.i 
14 
10 
I.i 
10 
19 
16 
17 
22 
17 
9 
21 

28-90 

27 ...       ' 

28-97 

28 ' 

28-85 

29 * 

1 

28-82 
"28-87" 

30 1 

31 / 

28-75 

Total 

20-2 

~   



AvrraRP .  . 

i 

i                  i                  i                  1 

3<)6 


Department  of  the  Interior. 


Table  51. — Afeteorolonical  Dat<i  secured  in  connection  with  the  ceaporation  station 
established  by  the  Dominion  Water  Power  Branch  at  Keewatin  on  the  Lake  of 
the  ll'oods  -Contiiuifcl. 

J.\^•|■AR^.  I'll  I. 


D.,\. 

IN 

TEMPKRATtRE 
I)E(.KKts   KAllHEMIEir. 

\VI„.ily 
Wind. 

.Mill-, 

|.,T 

hour. 

(1  .) 
2.» 
1   2 
2-7 

3  3 
1   (1 
2.(1 
3- 2 
1    7 

111 
X2 
fi   1 
2-3 

4  1 
2-6 
,(1 
4  IP 
3-7 
1-4 
1  -K 

().97 

1  i 

3i> 
7-3 
.S-,S 
H-O 
6  h 
4  <) 
4   1 

4  ,S 
1   (1 
3<> 

.SO 

1  '( 

f-2 
(ft) 
4K 
3-7 
r<   it 
2(1 
33 
.ii 
'J   2 

5  .( 
.(  .S 
•   () 
1-3 
13 
6-2 
3   1 
11 
3  1 
s  ,s 
.so 

20  0 
.S.l) 

2  4 

14   7 

Diruc 

tion 
Wind. 

Haro- 
inctur. 

KV.IJM)- 

ration. 

Rain, 
hulii-s. 

ilunii- 
.iily. 

Luk.-. 

Tank. 

.Air. 

MlMTl 

Day. 

1 

2 

M 
J2 

"is 

23 

\3 

24 
21 
14 

9 

SW, 
^. 
.\. 
.\. 

N. 
N. 
SK. 

Sli. 

s 

SW. 

w. 
w. 

SE. 
N\V. 

N. 
N. 

SW. 
SW. 

w. 
w 

Sli, 

SK. 

si;. 

SK. 

s. 

NW. 

E. 

K. 
NW. 
NW. 

s. 

K. 

SK. 

NJ^ 
NW. 

W. 

s. 

SK. 

s. 

SK. 

W. 

W. 

SW 

s. 

SK. 

s 

K. 

N. 

N. 

K. 

K. 
SK. 

W. 

W. 

SK. 

K. 

W. 
NW. 

inilit'^. 

Intlu-s. 

IVr  cint. 

,1 ^ 

4 

.*2 

« 

S, 

U 

,i2 
.12 
.12 

18 

.10 

23 



6 

7 

8 1 

! 

0-42 
0  27 

1 
10 i 

M 

7 

J 

-    X 

-13 

M 

'    J2 
32 



11 

12 

U 

32 

9 

14 

M 

V> 

l.i 

22 
2h 

'  '    S 

-    4 

"  -   2 

IS 

16 ; 

32 
32 

18 
17 



0 . 1  ,H 

17 

3> 
32 
32 

31 



18 

30 

JO 

4 

-    X 

4 

18 

19 

20 

21 

32 
32 
12 

22 

23 

24 

0  lO.S 

32 

32 
3! 
32 
32 
32 
32 



-17 
-   9 

"2 

-2 

20 

_  ■  9 

■     _  q 

-16 

-10 
-    ,( 

-3 

■  ■  ■-  .S 
■    '2 

25 

26 ' 

27 

28 

0   104 

29 

JO 

31 

32 

2 

-    6 

__:._ 

0-26 
1-34 

Total 

32 

0.04.i 

Wiinii/jc^  River  Pourr  iiiid  Storiiiii'  I mrst illations. 


M)l 


Tdlilc  51.  Mflrornlo'^iral  Data  secured  in  connection  with  the  rMfioration  station 
estahlished  hy  the  Dominion  Water  Pover  Branch  at  Kematin  on  the  Lake  of 
the  Woods     (  iintiiuii'd. 


IKHKl  .\RV   l'M4. 


U.i\ . 

TKMPKK.^n  KK 
IN    I)KI,KLt>    K.AHkl-.MI 

I.ll. 

Mean 
Day. 

io 

-'4" 
-20 

■    -2» 
-2i| 

_  ■, , 

-2^ 

-  20 

K 

"  '  -    .S  ' 

Vrli«ity 
Wind. 

Mil.< 

1»T 
llnllr. 

11 
ft -ft 
1    < 

li  -ft 
1  -7 
O'H 
7  0 
1     ~ 
1    II 
(1   M 
O-.S 
.s-4 
.>5 
ft  .i 
7   II 
1    ') 
1     1 
.|.> 
0') 
0    1 
.!■  I 
.^■K 
N-2 
ft- 7 
2-7 

Direc- 

tion 
Wind. 

NK, 
N 

N. 

J: 

s\\. 

s. 

s. 

SK. 
W. 
W. 

^■^. 
?■ 

w. 
u. 
w. 



I-.. 

!•.. 
NW. 
SK. 

W. 
NW, 
SW. 

K. 

W  .' 

N. 

NW. 

W. 

s 

SK. 
SW, 

S 

SK, 
SK. 

S. 

w. 

Baro- 
niriir. 

2.1  ■  7.S 
2M    7  S 
JS  U,S 
20  ll,S 
20    IK 
20   (HI 
2.S    SK 
2.S    70 
2H  ■  7.S 
20  ■  1  ,S 
20    III 
20, IS 
20   IHl 
20    IK 
2Hw.S 
2XM0 

l-.valK.- 
r.LlKin. 

In.  hcs. 

K.iin. 

In<  ht'-i. 

II   II 

llllllil- 

dilV. 

L.ik.-. 

T.iMk. 

Air. 

-IK 

-Ik 
l.t 

-  1 
4 

_    5 

-I't 
-HI 

—  ft 

—  I 
-.'II 
-III 
-.11 
-111 
-16 
-1(. 
-411 
-14 
-M> 

-  6 
.! 
f 

4 

1, 

IVr  (cnl. 

1 

I 

\ 

4. 

,S. 

u 

« 

\ 

<» 

\ 

10 

II 

l,> 

1 1 

14 

IS 

1 

-IK 
4 

.-21 
K 

-  2 
1 

-.'ft 

-  .1 
-211 

11 

-  ft 

-  *> 
-2ft 

-  4 
-il 

X 

s 
1.1 

211 

,u 

22 
.Ui 
i4 
411 

-  1 

—  M 

—  ft 

—  4 
-12 

K 

... 
-10 

-20 

-■ft 

n 

20 

.i2 

,f   5 
ft-4 
0-7 

40 

14-7 

1    7 

1  ft 

7   4 
UK 

|.u 

'  ■  7 
In 

IK 
.SK 
6ft 

II 
.(■K 

1-4 

2  '1 
S    \ 

14   2 
140 

OIW 

16 

17 

2>^>^S 
2SS,S 
20  l«l 

J.S-,SS 

IK 

10 

IK 

^ 

.'1 

2J, 

2S-2II 

J!.f 

) 

2XiS 
2X  OS 
'28-75 
'2»'-00' 

24 

, 

>i 

I 

'ft 

\ 

27 

Total 

.__^. 

:..; 

2fl-45 

iX, 

2(<-70 

■  .^i::.!: 

K-22 



-4  6 

_^^"j^_  i '_  ^^  _ 
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Table  St.— Meteorological  Data  secured  in  connection  with  the  evaporation  station 
established  by  the  Dominion  Water  Power  Branch  at  Keewatin  on  the  Lake  of 
the  Iloof/s  -("ontinued. 

MARCH.    I''I4. 


Day. 

TkMI'KDATI  RE 
IN   Dei.KKHS   FAllKtNimiT. 

\eliKily 
Win.l. 

Milw 

liour. 

11-4 

DiriT- 

tiim 
Wiii.l. 

Barcj- 
imtLT. 

Eval>t>- 
rati'  n. 

Intli(-s. 

K.iill. 

IllL'lll-». 

Ihimi- 

l.aki'. 

T.ink. 

Air. 

-20 
K 
12 
20 
22 
31 
22 
3S 
30 
34 
27 
i2 
14 
30 
0 
26 
0 
20 

6 
2.5 
-   4 
2.5 
13 
31 
26 
42 
20 
40 
3X 
40 
13 
20 
8 
22 
2 
IX 

IX 

g 

27 
0 

ig 

16 

20 
12 
il 
24 
26 
X 
20 
12 
17 
12 

2') 
35 
30 
37 
2S 
47 
M 
40 

M.Mll 

U.iy. 

4 

"21 

24 

21 

io 

28 

20 

12 

io 

15 

12 

24 

i2 

'jl 

J6 

16 

■   "  io 

4' 

12 

i7 

22 

2.\ 
"  ■    l.i 

i4 
"    i4 

30 

il 

i> 

ii 

|g-6 

iliiy. 

1 , 

S. 

Inchc.'. 

'2K-;2 
'2X  31 

I'er  cfnt. 

2 ;' 

20   1 

0  g 

3« 
9  2 
3-4 
5  9 
4  0 
2-2 
0  9 
4  5 
2S 
1-8 

'  '  SI-;.' 
Slv. 

w. 
\v. 

SK. 
E. 

Ni;. 

Mi. 

N. 
NK. 

N. 
NE. 

3                 J 

4 / 

' '28.04 
28'-2r 

"o-(W 

\ 

7 

28  51 
28-70 
29.05 
28-92 

29-27 

0-20 

8 / 

13 
21 

2S 
20 
4X 
6    4 
4-7 
5-7 
3-5 
3-7 

4  1 
2X 

8-5 
16  3 
ISX 

4-2 
ig  3 

3.4 

3  6 

1    7 
1    7 

1  4 

5  1 
0'( 
01 

g  il 
11    < 

2  X 

4  -f 

6  f 
6   4 

2  6 

1  6 
.\.\ 

4   3 

2X 

'    2  4 

3  7 

2  4 
.\i 
2  4 

NE. 

NE. 
NE. 
.\K, 
SK. 

svv. 
\v. 

N\V. 

s. 
s. 

N\V. 

s. 
'\v.' ' 

N\V. 
NAV. 
N\V. 

■">^>- 
N. 

K. 
SE. 
SE. 
N\\. 
N\V. 
SW. 

N 
N\V. 

W. 
.^\V. 

W. 

X. 

.\. 

N. 

s. 

N. 
NE. 
SE. 

S. 
N. 

SE. 

s. 
s. 
s. 

N. 

9 ( 

10 

^ 

28-6.5 

28 -.52 

14   ) 

28-14 

27-82 

0  01 

15 

28-26 
28  53 
28-80 
28-82 



18 

:::;;::; 

19 

28-70 
28-89 
28-65 
28  ■  26 
28-28 

55 

,                                                               ^ 

79 

24 

25 ^ 

28-15 
28-18 

»6 , 

27 

28-68 

28 

28-48 
29    15 
28-76 
28-34 

91 

20 

30 

77 
73 

31 

79 

Total 



-  -■■■- 

'— — 

\"~~ 

0-36 



1    

0  012 

1 

1 

1 

' 

' 

J 

Winnipeg;  River  Poucr  and  .Slora.^i-  Invcsti'^ntions. 


M)n 


Table  5l.~-Mclcorolog,ical  Data  secured  i„  amnedin,,  with  the  eiatHmttuw  statiov 
established  by  the  Dominion  Water  Poller  Branch  at  Keeuatin  on  the  Lake  of 
the  Woods  -( '011110110(1. 


Al'KII 

,     1011. 

Uaj. 

IN 

T|...\lfi:K  MCHK. 
Dhl.ULH.S  I'AIIHENiII:[r. 

\Vl...ilj 

WifKl, 

Mii.s 

PIT 

hiiiir. 

1    1 

1    0 

s-=, 
t,-,i 
.so 

7   8 
6  2 
111 

.1-0 

.s-o 

.(■7 
1    2 
4.1) 
6..S 
4-6 
4  .f 
4  2 
.I -4 
,S.  • 
1-  i 
K    1 
1     1 
.12 

2-8 

I    .S 
2-0 
4  S 
1    4 
1    1. 
it, 
1   1, 
1-  i 
,S   t, 

0  1 
t2-.t 

i  4 

III-  ! 

1  -8 
IS  0 

.11 

4   4 
7  -11 
4  4 
4    1 

1  1 

2  0 
20 

s'l 

ft    7 
10  1) 
Ml 
7  .  s 
.(ft 
42 
.11 

} 
Diii-i. 

liull 

Willi. 

N 
.\W. 

N. 

.\. 
N\V. 

W. 
\\\. 
NU. 

\v. 

N. 

N. 

N\\, 

\. 
N\V. 

.^. 
s 

N\V. 

u'. 

N\V. 

.'-i:. 
n'. 

N. 
W. 
NW. 
W. 

i:. 

N. 

N. 

NW. 

\. 

SK. 

\V. 

'-'i':. 
m:. 

N . 
NK. 

m;. 

N. 

.s. 

SK. 

s. 

lltftrr. 
llli  luw. 

1 
1 

-'MM 

JfS-7l) 

JX    K(» 

_'X-ftS 

■■j,S.S7- 

2«.0.S 

iSOl) 

28  ■  4U 

27  or 

'^'  '7 
" 
■    .  . 
28-70 

'2.-1..S8' 
28;. 17 
2S.02 
2S   Ml 
28. 47 
2.-I  ftS 
J.S     l"> 

ly  iiS 
2.t  V.I 
2.1  ■  70 
2.'i  Ml 
2.S    17    t 
2.S    (7    j 
28    7.S    1 
2.S.80 
JS  OS 
28   OS 

Kv.„,„. 
r.ition. 

Im  hr*. 

k.iin. 

III.  hcs. 
0-2  1 

1 

l-iki. 

T.mk. 

Air. 

,1'" 
V) 
28 
Jfi 
20 
20 
20 
20 
,(.' 
M 
.12 
28 
lo 
21. 
20 
,<4 
26 
41 
M 
11 
20 
40 

i 

M.'.ni 

i\ 

It, 

n 

n 

24 
2(1 
14 

11 

24 
j; 

20 
20 
411 
'  .(0 
44 

45 

J.) 
24 

' '  X.\ 

'    M 
.(4 
40 

42 

4,i 

'  '48 

il 

""  .«! 
,i7 

ik 

iltiini- 

.litv. 

2 

i  1 
.(4 

.(4 

.t4 

IVr  ..iu. 
17 

J 

0  118 

4 

K'> 

5 

(1  2.1 

;^ 

6 

,t4 

7'J 

7 

.14 

.f4 

<ii\ 

8 

t  - 

9 

H 

'<i 

10 

.(5 

MS 

11 

.i4 

-*2 

,tj' 

".it 

■■   ■    :7 

IJ 

20 
.SO 
.i.S 
40 
4,i 
.i7 
42 

71 

14 

oil 
0  IK) 

'    I^Ol    j 
0  ll.f    1 

0  (11 

0  02 

O.II.S 

0  01 

018 
0  (11 
0  51 
0  051 

0   OS 
0  20 
0..'<7 

iriil 

(I  02 

0  111 

1  70 
OllftO 

IS 

16 

.)5 
J5 

7S 
77 

17 

18 ' 

\<> 

47 
40 

S'i 

so 

20 ' 

21 

.u 

■\i 

.18 
.(Il 
40 

.sT 

.10 
47 
4.S 
40 
41 
40    I 

.■;.(  ! 

y.  i 

22 

2.t 

.IS 

24 

.16 

25 

Ml 

7  I 

26 

M, 

H7 

27 

M< 
,10 

.((.    \ 
=-\ 
41 
4i 

1 

S  » 

28 ) 

20 

--— 

US 

30 ; 

Totdl 

,f.i 
it, 

.!4-7 

4S 
7 'J 

AveriiKe 



400 


Depiirtmviit  of  llir  Inlrrior. 


lahlv  5/.  Mi'Uorolo'iitiil  Data  scriired  in  tomintioii  villi  >hf  miporaliiui  station 
established  by  the  Ihminioti  Water  Power  Hramh  at  Kee'i.vlin  on  the  Lake  of 
the  IIV)()(/v     ('i)iilimii<l. 

MAV    I<)I4 


to 

II 
].' 

1 1 

111 

17 

IS 

iU   . 
21.. 

J.i.. 

24. 

2.1. 

26. 

27. 

28. 

29. 

.Ml 

U 


Day. 


Tkmi'Kk.mi  Ki; 

IN    Dm.KI.I.S    HAIIUtNllKlT. 


I-uWi-. 


.\* 

M 

.HI 
40 

.w 

.v> 

M 
40 
42 
42 
42 
41 
42 
4'i 


II 

■*■' 
4'> 

4.'i 

47 

47 

4« 


.SO 
l'( 
SI 


40 
42 
42 
42 
44 
12 
4(1 
4H 
41 
4  I 
46 
4X 
4,s 
'    4S 


.S> 
4') 

.S.l 


Mian 
Day 


M 
.S(i 

,so 

.S(| 
4(1 


.1(1 

,14 
.1.S 
VI 
4.1 
41 
.11 
hO 
(lO 


VcIm.  .11 

Will. 

. 

Mill- 

s 

I»T 

hour 

4 

o 

4 

1 

4 

2 

i 

(> 

.1 

0 

4 

K 

1 

M 

1 

S 

5 

4 

(1 

1 

1 

H 

i          4 

( 

7 

M 

,) 

,1 

J 

H 

1 

1 

2 

2 

4 
> 

fl 

7 

2 

Dilr.  . 

lion 

Willi!. 


S\V. 

sw. 

s 
SK. 

.SW. 
\K. 
NK. 


>  I-;. 
v.. 

N. 

s 

SU. 

s 

N\V. 

\. 

NIC 
NK. 

W. 

M-: 

.\  K. 

\. 
w. 


.id 

2   X 


K    .1 

1  -  7 
(>  2 
IN 
.iO 

2  4 
2-0 
I   (I 

li(.S 

I  s 
<)  1 

4-.i 

.i-.1 

.1  (1 

4    K 

4   4 

II)   4 

II  0 

\?   1 

111 

4   (1 


(..» 

.14-2 

21    I 

4  H 

"10 


NW. 


W. 

w. 


W. 
W. 
U. 


W. 

w 


ri.ir.i- 
nii-tcr. 


lAapii- 
r.ilioti. 


>x  (.1 
2H  4 1 
2.S  .11 
2H.  40 
2.S  40 
.'.s  41 
2»  ■  70 
JHd.l 
2«'41l  ■ 
2K-71  j 
2K').1  i 
2<l  (K) 
2S<M 
21)  (M) 
2S  1)11 
2>'  SO 
2.><-7.1 
2S.71 
2X  ■  70 


2S 


O  (II 
0  ()2 


0  (IK 
II  III 
(Ids 
II  III 
o  112 
II  IHI 
II  0(1 
0(10 


InilR'!^. 


(101 
OIK) 
(|.02 
0  0.1 


()  (12 
O  02 
0  (U 


001 
HO.t 


lliinii. 

llll>. 


per  cent. 


XX  0 
11  II 

7(.(l 
77  0 

')4  O 
')4  II 
67   0 


XX    0 

III  II 


004    I 
(I   29 

0-21 

0  oi 

0  01 


711  0 

7X    1 


X.I  0 

'71.6 

4')  (I 

X7  0 
62(> 
6MI 
12  O 
67   o 

11  (1 
611  II 
60  O 
7  1  11 
7.'.  (I 
74  0 
72(l 
X.MI 
72  0 
X7(l 
77  0 
X7-0 
511(1 
10. II 
41)0 
67  0 
71  0 
XI). 0 
5.(.() 
X4  O 
64  0 
70  0 
14  0 
;40 

XD-O 

xx-o 

12  II 
5X.0 
44  O 


Total 

Avcragr:. 


1X7 

OIK^ 


"■'««,>,«  Kitrr  Power  and  SUmv.e  I nvesli gallons 

Table  51      M.-tenroln^iatl  Data  s,rurv,l  h,  ,o,nu;tum  ,. 
estahlislu'd  hy  the  Donii 
llie  WimL     ('(.luimicd 

JINK   f»u 


401 

esla/)li,l„',l/,vii,.i>      ■  .,. •'"•  ^^illi  llii- traf>oralion    station 

estaM,sh,J  hy  the  Don.nnon  Water  hncer  Hran.h  at  K.r:,ati„  on  the  Lake  of 

■  lull  •' 


9. 

10. 
II. 
M.. 
li.. 

u. 

1.1.. 

16.. 

17   . 


W. 
21. 
JJ 
2S.. 
24   . 


29. 
iU 


l^^y. 


Total 


TKMi'f:n.\ri  kK. 

IV    Oti.KHs    I  AllliKMiEir, 


l..ik.-. 


M 

(I  I 

hi 
61 
64 
61 
62 
64 
61 
6i 
6.< 


T,ink. 


«l 
.St 

Sh 
S4 

Ml 

62 
64 

.sy 


>x 

S.s 

1 

S'l 

Ml 

m 

(>(l 

IM 

60 

.S'* 

.ss 

64 

64 

60 

Ml 

60 

611 

r>o 

66 

6.S 

SK 

Ss 

Ml 

M'. 

SK 

,S7 

61 

61 

6  1 

;"■' 

60 

;o  s 

61    (, 

74  II 
61    O 

ItSV. 
.SM.M 
611   C) 

Wo 

(►SO    1 
S6.0 

;o  o 
;»o  ! 

77-0  i 

67  0 
T'l-O 
610 
76  II 
66-0 

,S»    II 

64    O 

61    O 

74   O 

60.0 

711  II 

7.1   II 

fifiO 

610 

76   O 

6.S   o 

76   O    i 
67    O 
7,1. 0    , 
4.'<  o 
61   O 
.14  II 
6.-0 
64  o  ! 
7'l  II  j 

;  1  o  I 

71  (1  j 

61    0  I 

711. 0  I 

711   O  : 


Its.),   I 

6'>    0  j 
62    (1 

610  ' 

62    O  ' 

;i  o 

61    II    , 

66   O    J 
6KO    I 


{         6I>.|I    { 


M.-..: 
D.iv 


70 
76 
64   j 
61    I 

.S5 


.So 

.so 

62 

6(1    I 
62    ' 


VcllK  IIS 

Wm.l 


Mil.-, 

IKT 

iKiiir 


4  II 
4  I 
HO 
112 
114 
111 
112 
11   .1 

6'2 


iJirr.  . 

liun 

Witi.l. 


1') 

4  7 
IIM 

4  S 
12   2 

III  6 

.1   ,1 


II 

10 
4 


W. 
.SU. 

\v. 

NW. 
W. 
W. 

\w. 
si:. 

^\^'- 

.\. 

.s 

SW 
>U. 
-SU. 

SW. 

m:. 
.m;. 
.M-;. 

SU'. 

u. 

.\K. 


u 

SW. 


n.irii- 

.llftfl. 


Ill.hr 


r.itiun. 


!*■  so 

O  OS 

2)1  f,s   ■ 

o  oi 

O   01 

2(1 -61 

O    Of, 
0   IHi 

2N    IS 

i           6   0 

1     \\'- 

■ 

12    1 

NW. 

2K    SS 

6    4 

\. 

4    S 

\. 

2S.SS 

2-4 

SK. 

10    i 

si:. 

2.1   76 

K. 

U    2 

.s. 

2.H    6S 
2H    7(, 

^ 

.1-7 

N\V. 

iHS.S 

2-7 

SW. 

1-7 

s. 

2S.7S 

~  "~"l 



— __: 

i 

------ 

i 

1 

O  01 
0  01 
0  111 
O  01 
O  04 
0  OS 
O  IIS 
o  IIS 
II  IK) 
0  0.' 

oos 

O   OS 

n  OS 


(I  OS 
O  IW 
OIK) 


(1  OS 
O'OX 
0  111 
0   01 


O   12 

0   OK 

o  w> 

O  1)6 

O  .'(I 

O  (II 

0  !)<> 


Kain. 


II  42 
1-2S 
1    12 


0   If) 

oos 


(Id"! 

.".'  .,: 

11(11 

0   OS 

0-(HJ 

0  IU 

2   46 

4-67 

ll-Ofil 

0   156 

lltlllU- 

.htv. 


ll'.-t  , 


1    72 


117 
7M 

HO 
HH 
67 
HR 
71 
Hi 

xt 

74 
64 

7.S 
70 
H4 

sg 
W 
«6 

KH 
70 
HX 
74 
SI 
4K 
46 
44 
64 


S7 
61 

S7 


74 
4.1 
HO 
61 
62 
61 


86370-20 


4U2 


PefHirlmrtil  of  llir  Interinr. 


Table  5/.  .Mf/rornloiiinil  Data  sn  iirnl  in  connection  'uith  .•(•  n'apornlion  station 
estahlisbed  hy  the  Pominion  U'utir  Poner  Jiriimh  at  Kee^Kdtin  on  the  Lake  of 
the  IVooils     ('(iiiiiniiril, 

ji  i.v  mi. 


Tl-MI-l  HArtHI-. 

IN    I)K<,RKFS 

l<  4ilMEN0Kir. 

Dlr... 

Dwv, 

_ 1 

\VI,..,-s 

li.iii 

11.. rn. 

!•■%..!.. 

K.iln. 

Ihinil 

Wiri.l 

Win.l 

riirtrr. 

t.ill.m. 

'lily. 

l.aki'. 

i.lllk. 

.An. 

M'Mll 

U.iy. 

"     1 

Mil.- 

HT 

In.li.v.. 

ItH  III"'. 

Ilti  lies. 

IVr  it-ni. 

IliilK. 

1 1 

hi 

6S 

71 

ft.1 

2    1 

N. 
N\V. 

2K   1 1 

O    1 6 

0  (12 

2 

M 

61 

ttH 

S-,1 

S\V. 

I'l 

lit. 

(M 

71 

64 

.IK 

S\V. 

2K   .11 

(Mil 

J ) 

64 

64 

7(1 

(.') 

71 

ftK 

1   11 

.'   ') 

sw. 

2H   41 

O  (IJ 
0  (16 

(1-07 

81 

71 

4 

(1.1 

66 

;.» 

1    2 

s. 

7t 

74 

7M 

6  J 

2   ') 

s. 

2»1') 

O-OO 

0  (14 

5 

ftH 

ftK 

74 

2   K 

s. 

0   (M 

!8 

7  t 

7(1 

7S 

70 

6    1 

s. 

2»   12 

0  (11 

6 

7I» 

67 

70 
67 

7  ) 

ft; 

6.1 

7    1 

IJ    7 

\v. 
w. 

2K    ,11 

(LOO 
0  02 

0  111 

86 

7 ,' 

()0 

hft 

ft4 

6K 

11    1 
11 

N. 

2K   71 

VO 

il 

ftX 

6H 

lUt 

2   s 

s. 

0  Ik 

71 

ti't 

7  1 

64 

6     1 

^J.- 

>K    1') 

9 

ft') 

12 

SK. 

0   41 

86 

76 

.1  ■; 

.''K. 

2K    11 

0   (HI 

10 i 

li'l 

6<) 

70 

4    .K 

>u. 

((■(12 

11   III 

81 

1 

b<> 

70 

7.1 

6K 

1    1) 

sw. 

2K    .11 

(1  (K> 

0   01 

84 

11 / 



6,1 

6K 
K    0 

.s|-;. 

'2K4K 

0  (12 

12 ^ 

70 

70 

ft') 

6ft 

4    7 

N. 

2K.44 

1    05 

1)5 

l.i                                ' 

70 

71 

74 

HI  1. 

\. 

0  (14 

0  (11 

86 

71 

74 

HO 

7'1 

SW. 

2K   12 

0  111 

V> 

14 '■ 

71 

7.1 

77 

4    7 

sw. 

0  Ol 

K7 

T> 

7ft 

7') 

70 

24  II 

s. 

2K   .11 

15 

7i 

72 

71 

2i   ') 

sw. 

0    10 

0   46 

100 

7t 

71 

70 

71 

2K    ()0 

0-05 

1ft ' 

M 

ft') 

61 

s   7 

u. 

0-00 

94 

7(1 

70 

(>ft 

.IK 

1  4    K 

w. 

2K.K,I 

(I'll; 

0-07 

i; 

tiH 

ftN 

4') 

II  1 

N 

O-OI 

II    I') 

1(H) 

70 

70 

6ft 

.11 

')    6 

sw. 

2K.41 

OH 

II  (II 

KO 

18 

(iS 

•'IM 

6  1 

.11 

sw. 

11    (C) 

II  IKI 

7') 

70 

7) 

70 

61 

/■O 

sw. 

2S..17 

(1  (11 

0  111 

7  2 

19 

7(( 

70 

ftl 

4   7 

(1  (15 

'Ml 

rl) 

71 

70 

64 

1    ') 

2K-6') 

0   (18 

90 

20 

ft« 

ft') 

72 

4    7 

K. 

0  (14 

75 

7(> 

77 

S4 

71 

1   ') 

2K.60 

0-02 

84 

21 

71 

71 

71 

1  ') 

S. 

0-05 

74 

7.1 

71 

77 

76 

S.6 

w. 

2K    66 

22 ' 

h<) 

ftQ 

61 

.12 

w. 

0-08 

1    (HI 

80 

71 

71 

71 

66 
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APPEXDIX  VII. 
RUN-OFF    OF  THE  WINNIPEG   RIVER   WATERSHED. 

Taiims  52  TO  ()•'. 

Data  in  tables  ■)2  to  t)0  ha\c  l);'rii  ohtaiiU'd  by  tlio  field  ofticers  of  the 
Uoininion  Water  Power  Braneli,  with  the  e\(e[it  ion  of  the  F'ort  Fr.iiices  records, 
which  ha\e  been  supi)Iied  through  the  (■oiirte--y  of  the  Dominion  Department  of 
Public  Works,  ;ind  of  the  W.iter  Resources  Hr.inch  of  the  I'liiled  States 
fleological  Siirvev'. 


WINNtl'l 


KIM.K    AT    I'OINT    DI'    HOIS. 


Location  of  Cuuis.c.  At  the  bav  in  tail-r.ice  (if  the  city  of  Winnipej;'s  power 
plant  on  the  Winnipeg  river  ,it  Point  du  Hois. 

Records  nvaiUihlc.     Janii.iry  2.?,  1007,  to  I  )ereniber  ,M ,  1914. 

Draixa'^e  areas. —  To  Slave  falls,  4'), TOO  sqii.ire  miles.  To  ( )tter  f.ills,  5(),5.SO 
square  miles. 

Gau^e. — Wrtical  staff,  rock  bolted  to  j;ranite  ledge,  datum  uiichange<l  since 
established. 

Discharge  Mciisiiremeiits.  Vattu  1007  to  lOU),  discharge  measurements 
were  made  at  Otter  falls  by  Pr.itt  i.*v:  Ross  for  the  WinnijH'g  I'.lectric  Street  R.iil- 
wa\'  C'cmipany;  and  i)y  the  enL;ineers  of  the  city  of  Winnipeg  at  the  H.irrier. 
In  both  cases  the  me.isurenients  have  been  referred  to  the  gauge  .it  Point  du 
Bois,  DttiT  falls  and  the  H.irrier  being  res[)ecti\ely  20  an-:  12  miles  below  s.inie. 
Daily  discharges  based  on  Point  du  Hois  gauge  ha\e  been  lomputed  for  Otter 
falls  fnmi  the  abo\e  measuremi  iits. 

In  October,  1911,  ;i  gauging  station  was  established  b\-  the  Maiiilob.i 
Hy(lrogra|)hic  Survey  abo\e  Sla\e  falls,  which  is  some  6  mill's  below  Point  du 
Hois.  .\t  this  station,  a  staff  gauge  and  cable  e(|uipnu'nt  were  installed,  and 
coiitiiuious  discharge  nieasiire;iieiU>  have  lu'cn  made. 

During  the  se.i^on  of  1912,  when  a  detailed  surxey  of  Slave  f.ills  w.is  made 
by  liu'  M.mitoba  drographic  Survev,  continuous  gauge  readings  were  rccordid 
at  Point  (\u  Ui):  \v\  Slave  falls.  These  \\ere  checked  by  a  g.iuge  in>i.illed 
midw.iy  between  >i.iv.-  and  Migiit  I-"oot  falls,  the  latter  falls  being  the  onl\-  bre.ik 
in  tile  river  between  Slave  fall>  and  Pcjint  du  liois.  liv-  the-e  records,  comparison 
vv.i?,  made  with  tlie  discharges  obt. lined  by  using  the  gauge  heights  at  Point  du 
Hois,  ami  it  was  found  that  for  .i  period  of  a  month  the  results  were  the  same. 

Kr^ulation.  Fnmi  Oclolier.  1911,  the  operation  of  the  power  plant  at 
Point  du  Hoi»  has  c.itised  a  dailv  llucfu.ition  in  gauge  height,  but,  as  noted  above, 
tiie.-o  tluctuaiions  have  in  the  past  coinp.  nsateil  in  a  month  or  less.  Continuous 
gauge  readings  in  1''1,<  have  shown  thai  ,i  single  discharge  from  daily  gauge  read- 
ings niii>  v.iry  one  or  two  per  leiii  inuii  liie  mean  of  the  d,i\>  Kiniinuuus  read- 
ings. An  automatic  gauge  is  now  Inring  installed  .it  the  meter  section  at  Slave 
falls  in  order  to  eliminate  errors  from  this  v.iriation. 
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In  the  winter  of  1910-11,  a  cut  was  made  through  Eight  Foot  fails,  to  reduce 
tail-race  level  at  Point  dii  Bois  during  high  discharge.  On  account  of  this,  the 
discharge  curve  for  Otter  falls  is  not  applicable  later  than  June,  1911. 

Winter  Flou:~The  bay  on  which  the  gauge  is  located  is  open  throughout 
the  winter,  and  is  controlletl  by  Eight  Foot  falls,  1  mile  below;  the  metering 
station  also  has  an  open  discharge.  Because  of  this  the  open-water  rating  curve 
has  been  used  in  computing  the  winter  tlow,  though  it  may  give  discharges  5  to 
10  per  cent  high  during  January  and  February  of  previous  years. 

Table  5 2. —Discharge  Measurements  of  Winnipeg  River  at  Otter  and  Slave  Falls, 

Manitoba. 


Date. 

Hydrogtapher. 

.Meter 
No. 

Width. 

Area  of 
Section. 

Mean 
Velocity. 

Gauge 
Height. 

Discharge . 

igof. 
Mar.      7 

Col.  Ruttan 

Feet. 

Sq.ft. 

Ft.  per  sec. 

Feet. 
!60-5 

162-2 
162-2 
164  2 

164-2 
162  0 

161-0 

161  25 
160-7(1 
160-55 

162  25 

159  26 
159-26 

159  42 
159.«; 

161 -80 
161-70 
160-6.S 

160  68 

Sec.  ft. 

19.876' 
25.433* 

31.047* 
.10. 600* 
41.300* 

43.000* 
28,700* 

26.360* 
26,000* 
22,500* 
21.770* 

29.375* 

12.375* 

13.256* 

13.450» 
I5.800» 

26.115" 
26.. 191* 
24.145* 

24.320'* 

Sept.   15 

J.  B.  Challies 

1007 
Aug.       1 

Pratt     and     Rom    for     Winnipeg 
Street  Railway 

Aug.      2 

"                  ** 

Oct.     31 

"                  " 

1008 
July     14 

Nov.      7 

Pratt  and  Ross  for  Street  Railway 
Co 

May    24 

Pratt    and     Ro«s    for    Winnipeg 
Street  Railway 

July     17 

*'                   " 

(Jet.       K 

"                  " 

Nov.      8 

i<)in 

July     28 

Pratt  and  Ross  for  Street  Railway 
Co 

1911 
Feb.  4.  6, 

280  5 

5,475 
5.691 

2  26 
2-28 

7. 
Kch.    13, 
14.  IV 
Muy      7 

Pratt  and  Ross  for  Street  Railway 

May    1') 

Oct.    13. 

14. 
at.     29 
Dec.  6,  7 

8,  9. 
Dec.  h,  7, 

S.  9. 

\.    M.    Beale    for    Water    Power 

Survey 

\.  M.  Beale  and  Alex  Pine 

3 
1 

1 

269 
269 
610 

610 

7.272 

7.21S 

21,910 

21.910 

3-59 
3.6S 
110 

1    11 

'Just  alwve  falls  at  Point  du  Bois.    One  loot  ice  cover.    Gauge  height  aooroximated 

'Float  measurement. 

^Bclow  diversion  dam  and  Pinawa  clianncl.     Two  channels  measured. 

^Barrier  chute. 

'Otter  Falls. 

•At  city  meter  station  10  miles  below  Pointe  du  Bois.  .Man.,  section,  ice  cover:   check  measurements 

't)tter  l-all.s.  ice  measurement.  u       t   ».a. 

•.SI.ive  Falls. 

•One  and  a  half  miles  above  Granil  du  Bonnet  Fails.     0  2  and  08  method  under  ice 

'"One  and  a  half  miles  above  Gr.md  du  Bonnet  Falls.     Vert.  vel.  curve  method  under  ice. 

.\orE. — All  measurements  for  ye.irs  191213-14  are  at  Slave  Falls. 
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Table  52. — Discharf,e  Measurements  of  Winnipeg,  River  at  Oiler  and  Slave  Falls, 

Manitoba — Continual. 


Date. 


1912. 


May 
M.iy 
M.iv 
June 
Jiliu- 

JllIU' 

June 

JUIK' 

July 
July 
Jnlv 
July 
July 
July 
July 
July 
July 
■Auk. 
(Xt. 
Nov. 
Uci. 


M.ir 
M.iy 
Junt- 
July 
Drt. 


J..n. 

l-L-ll. 

.Aptll 

M.iy 

.May 

May 

Junt* 

Junt- 

Juui- 

Juiu- 

Jun«.' 

Juiu- 

June 

Jutu- 

Juuf 

June 

June 

June 

Juni' 

July 

Julv 

July 

July 

Julv 

Julv 

Julv 

July 

Julv 

July 

Julv 

Julv 

Julv 

July 

July 

AUB. 

Auk. 
Au^. 
Auk. 
.Auk. 

N  i.t. 
S.-I,t. 
Sfpt. 
Se[it. 


HytiroKraoher. 


A.  M.  B.mIc 

<t.  H.  Hurnhatu. . . 

.1.  M.  H.-ali- 

H.  H.  I'atliTson  ... 

( f.  II.  Ituruli.itn.  . . 

K.  H.  I'.iUiTcui  .. 
\V.  II.  Ki.lianlMin 


r.  f)(;raily  , 
.\.  ManninKton 
tl.  .Ml.'U 


K.  li. 
C.  (). 


ittirs(u. 
Ifii     . 


J.  Lamb 


M.  Iir 
.\u. 


.IU7 

.I'l; 

.1'I7 

.ix; 

.I'I7 
.1''7 
.  1'17 
.I'l? 
.IU7 
.r'7 
.  I''7 

,  r'7 

.  I''7 
.  IU7 
.  I'T 
.r'7 
.  I'l7 
.  IU7 
.  46J 
.  ll.J 


1 . 4.(5 


I"  7 
*7S 


'H')   i 
''  *u   ! 
U^t'    I 
UV) 
<'iU 

III') 

>H'> 
>H'l 

,u<u 
uv 

'H'J 

, ')  f'' 
.>){'> 

,!>(■' 

•)M 
,'HU 
.'IW 
,'H'' 
,'',W 

iH'l 
.  '<  w 
,utu 

•'  >'' 

').('' 
,''.('' 


.'7! 
271 
271 

271    i 

271 

271 

2'>t 
2''1 
274 


2fiS 
2h(i 
2S| 


2>.S 
25  t 


274 
274 


2  Hit 
2X1 
2S1 


2.X4 
2") 
2'H 
2')4 
2''4 
2'H 

2''T 

2U5 
2U5 
2''5 
2'I4 
2'>4 
2'M 
2')4 
2"H 
2'),i 
2'' I 


2")  2 
2'll 
2»1 
2M 


.1'I2 
.2'n 


\r.M  of 

M.-.ia 

■h-  tl.iU. 

WImltv. 

Nj.  It, 

Im.  !,.•!  -.-, 

'».  7(il 

-•  II 

7.(114 

4   2(1 

7  ,  i(i(, 

i   11 5 

7,. 542 

4X5 

7  ,  .i(,i 

4.1(5 

7 .  .5  id 

i  ')> 

7 . 4  1'' 

4X0 

7  ,  i'Xi 

4  (17 

7  ,  2  i,S 

4   5(, 

7.2i7 

i    55 

7  .  44(. 

4    51 

7.146 

i-5x 

7,47i 

4  iiil 

7.47i 

4    51 

7  ,  44(1 

i  ■  ■'  2    1 

7.47i 

i-5S    1 

7.474 

i  .  5- 

7  .  AW 

i    71 

7.U,i4 

4    4(1 

7.7S5 

4   ■15 

7.4.tl) 

1   (It 

(1.717 

2    X5 

fi .  U4  i 

iiO 

7..S5(» 

IK. 

7    ^22 

4IH 

7  .  2fiX 

•  .'JO 

(.,5,i.; 

2    54    1 

(1.1  I'l 

2    17 

5..)54 

2  00 

'> ,  1  (.'( 

2    id 

(1.517 

2    5'( 

(i.dXl 

2    XI 

(1.7X1 

2-M5 

7.4X1 

i   X5 

7.4X0 

4    X5 

7   775 

I     IX 

;    775 

4   24 

7   7XH 

4    27 

7.X20 

4   2'.' 

7   i<2i^ 

4    io 

7.UI7 

4    ix 

:,x77 

4    i2 

7  ,XU() 

4    id 

7. '151 

4    15 

7. ''64 

4  45 

7 .  W4 

4  4d 

X,(l2i 

4   52 

7 .  *'(>,- 

4  40 

S.IKii 

4   5i 

X .  (IM 

4    55 

'■          A 

4    55 

■    1 ;.  ^ 

4    50 

■    l)4X 

4    50 

■  ii;x 

455 

,  i>4x 

4-57 

S    H.ii 

4-55 

x,*;f  . 

4- 24 

S.(I(P4 

4-44 

7   OK'' 

4    51 

7    Odd 

4    45    ! 

7, '(42 

141 

7.''i2 

4'  is 

7, '142 

4  44 

7 ,  X«'(i 

4    12 

7.X,'.4 

4    ill 

7.x.i4 

4   27 

■57 
54 


Kill  5  1 
I'll  20 
Idl  XX 
ld2  |5 
lh>  50 
ld2  2  5 
lli2  ll*! 
Idl  I'D 
Idl  75 
Idl  7X 
Idl  7d 
Idl  77 
Idl  70 
Idl  .SO 
Idl  7X 
Idl  75 
Idl  7d 
Idl  OX  I 
l(i4.2X 
ld2X5  I 
ld2    111 


Kill  d5 

IdO  XO 
ld2-0d 
11.2    II 


150 

IH    1 

02    1 

150 

4| 

150 

5i 

150 

dO 

150 

X5 

KiO 

15 

Kill 

(ill 

ld2 

1  > 

Id2 

12 

102 

(.2 

ld2 

72 

ld2.X2 
1(.2  0  5 
Idi  IO 
I  (.412 
Idi.  12 
Idi  12 
ld4.27 
Idi  i2 
Idi  (5 
K.I  i2 
Idi  iX 
K.i    411 


id 
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Idi 
Idi 
Idi 
K.i 
Idi 
Idi  III 
Idi  id 
Idi  2X 
Idi  ill 
I'll  2x 
I  d  i  I  5 
Idi  14 
K.i  iix 
Kii  14 
Kii  11(1 
Kii  III 
Idl  ,, 
Idl  d7 
Kil  70 
Idl    d2 


I1.HX7 
HOih 
' .  XX.' 
'.544 
S.2II7 
7  144 
5.7X0 
i  .  d02 
'1.4  5S 
i,(.^d 
■i,  001 
1.454 
1.20') 
1.52S 
..52H 
:.5(ill 
l.d2X 
I   7dl 


lo.llo 
2?. '112 
it.'I'JX 
'||.2'I0 
21  51  i 
Id.MKI 


1  1 . 2dX 
11.022" 
14.5X4 
ld.X7d 

IX. 774 
2II.004 
2X.X20 
2X,X4'> 
12 .  5IHI 
i.'  ois 


71  I 
IIO 


'.X  i 
IMI 


ld.5dl 
Id .  7  50 
id.d'lO 
4d.  HO 
id, I7i 
id,d05 
I'..  IXI 
Id,  5')! 

ii,h;5 

15    5J'' 


714 

IdX 


l( 

II 

14 

i  i    d'  o 

II    IK. 

2d, 2X2 

25.042 

2d. 01') 

25,X.i4 


"Partial  ice  cover. 


414  Department  oj  the  Interior. 

Table  ^2.  -Discharge  Measurement:!  of  II'/;;*;//)!';;  River  at  Otter  and  Slave  Falls, 

Manitoba     (  oiuliultd. 


IhdrtiKrai'litT. 


M.I.- 

No. 


Width, 


1 . ')  i'l 
I . ')  t'l 
1  , ')  V) 
1.1)0 

I  .'t\'> 

I  ,  IH'J 
1 .  '>M> 
1  .  '(V) 
1  . 1)  t'l 

1.IH'< 

1 . '» **> 

I  ,  <>.!'> 
!.')(') 
t  . ').)') 
1 .  ')M> 


;mi 

TNI 

;(.() 
;mi 

7(jll 
7M) 


.  760 
.  7(rf) 


,\rr.i  of 
Si-'  fitm. 


.S,..tt. 


2fti) 

7,2M) 

ih') 

7.2U 

J/i'> 

7.2.U 

J(.') 

7 .  20H 

•1,') 

7 , 2.U 

:i,') 

7 . 2(.l) 

.>()<) 

7.2M 

->(■« 

7 . 2  U 

.'(I'j 

7 , 2(>(l 

M,<l 

7,2U 

jr.»> 

7 , 2  U 

i(i"( 

7,207 

J(.') 

7 ,  207 

Jfi'i 

7 .  207 

2(i'» 

7 ,  207 

Jh'i 

7.0M.S 

.'64 

7.061 

.'hi 

7,0,M 

if.,! 

7,0il 

•(,! 

7.(M)1 

2(>.' 

7.001 

.>(>\ 

6,074 

2l,\ 

6  04H 

.'61 

■■.i)4S 

261 

6,021 

.!61 

6.074 

26(1 

6 .  K9,< 

260 

6 .  H'>.\ 

2.i') 

6,N02 

259 

6.S6.S 

2SM 

6 .  S6.'> 

2.SS 

6 .  N  H 

2,S') 

6 .  S65 

2.';'> 

6.S!0 

2.S9 

6.K.iO 

2.SS 

6 .  N !  .i 

2.'iX 

6..SH 

2.i') 

6 .  .M.IO 

2.S<) 

6 ,  H  iO 

2.S') 

6  .  .t  1 .) 

2. SO 

6, SI.? 

2.^H 

6.7S7 

2.S1) 

6,787 

\lcin 
Vi'loi  ill'. 


Kt.  per  scr 


,(  .(H 
4-.S1 
,1  47 
1-4.S 
i.40 
i  .il 

1  .SI 
(..SO 
f  •  SO 
<  44 
4  46 
4-44 
.(•44 
4-44 
4  41 
4-42 
4-24 
4  21 
4  21 
4  10 
4  21 
4  IS 
4.  14 
4  14 
4 -OS 
4-20 
4-04 
4  02 
4  01 

2  OH 
2  OK 
2  OK 
4  (II 
2  06 
2  OK 
207 
2  06 
2 -OK 
2  08 
207 
2   06 


;  UK 

IcJllI 

t. 

F.-.t 

161 

62 

161 

6S 

161 

5  7 

161 

52 

161 

67 

161 

67 

161 

6S 

161 

62 

161 

62 

161 

66 

161 

>7 

161 

r>o 

161 

so 

161 

57 

161 

5S 

161 

42 

161 

12 

161 

07 

161 

12 

161 

07 

161 

12 

160 

<)5 

160 

02 

ir>o 

K7 

160 

K5 

161 

OS 

160 

m 

160 

77 

KtO 

OS 

1(K) 

77 

160 

77 

160 

72 

160 

/ 1 

IW) 

KO 

\m 

77 

{m 

72 

160 

70 

160 

75 

160 

77 

160 

KO 

160 

7S 

160 

65 

160 

67 

Di^chargf 


24 

WIK 

2S 

446 

25 

los 

24 

04K 

25 

i't 

25 

50  7 

25 

476 

25 

.101 

25 

4KK 

24 

Oil 

25 

04K 

21 

KOI 

24 

705 

24 

640 

!A 

574 

>1 

5,41 

.'2 

K7; 

t  > 

570 

2  ,^ 

570 

•i 

444 

22 

472 

.'1 

067 

21 

KIT 

21 

Ki; 

21 

KO 

2! 

41 ; 

20 

KK6 

HI 

Ki; 

20 

745 

20 

45K 

2'I.4.SK 

20 

404 

20 

664 

2(1 

24.* 

20 

4K0 

20 

24.S 

2(1 

166 

20 

4K(I 

20 

4KU 

20 

245 

20 

166 

10 

614 

10 

611 

mi 
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Table  5 J. — Daily  Discharf^r  of  tin-  \\'inni{>i-^  River  nt  Otier  Fulls   in  Maniioha. 


Day. 


t 
2 
i 
4 
S 

6 
7 
K 
9 
10 

II 
12 
ti 
14 
IS 

16 
17 
18 
IV 
2U 

21 

22 
21 
24 
25 

26 
27 
2S 
2<> 
.10 
31 


Ji(nu.ir>'. 


ruiiKc  [     Din- 

lli-iulit      rh.irtir. 


M    5 
01    S 


61  Si 
6l»,'i 
61   (tS 


211. tux 

2ft.  mw) 

26.IXJ«( 

26.0)0 
26.  Tin) 
27.4011 
2M.170 
JX . 1 70 
2K . 1 70 


Fi'tjriiiir>'. 


f  t.lltut' 

Ilrmht 
l-f'-t. 

61  KO 
61.  75 
61-75 

61  NO 

62  0 

62  O 
61  X 
61  I, 
61  J 
61    2 


1  li.iri;i'. 

S.  .-(1. 

.'7.X6I1 
27.5511 
27.5511 
27.HMI 
.'I.IOO 

.">,  100 
2 ;  . NdO 
J6.fi20 
24,110 
21.140 


61  ■  2 

.M 

UO 

61    2 

.'» 

no 

60   ft 

.'0 

420 

6(1   N 

21 

/tftO 

60- » 

19 

IKO 

M)  4 
60  4 
60-  ( 
ftO  -  ft 
(lO    5 

60  ft 
Ml  4 
60    4 

fiO  5 
W).ft 

60  « 
60  7 
60  6 


1')  ISO 
1'',  ISO 
IS.5ft(l 
J0.42O 
I'J.SOd 

20.420 
I'l.lso 
I'MKO 

ri.siH) 

20.420 

2l.6ftO 
2I.IM0 
20.420 


M.inh. 


April. 


I 


.May. 


Jur,.- 


(t.tliK'i        1)1^-         (..lU«i'j        llH-      I  (t.iUili-   '        I)l-*-       i  liiiiyr  ■        Ih* 
Mi'lulU   I  I  hancf.     Iliiiilil   j  ihaiw.  illi-iiil.l       ilialiji- 
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I  IiarjtP. 
S<-c.ll. 


60  4  i    l'>.  ISO 

HI. 4  I    I'l.  ISO 

60    i  I    IS..5ftO 

6(1    J  ,    17,'I40 

60   1  :   ls.5ri(l 

ftO   4  !    I'),  ISO 

(lO    (  Is    5ft(l 

ftO    4  i    I'l.  ISO 

60    2  17    il40 

W)    1  i    17.  (JO 

60  (I  16.700 

60-2  I     I7.()4(l 

602  !    I7,'>40 

60   2  :    17. '140 

60    .1  I    IS, 560 

60    1  17.  (.'(I 

601  i     17. .(20 

HI- I  17., (2(1 

(.O    1  I     17.  (20 

60 -I  17,(20 


lft,7(HI 
Ift.KMI 
1ft.  KHI 
15.5(IO 
15.50(1 


6« 

'i 
"  i 

5'< 

'' 

5'» 

" 

5') 

S 

5'( 

s 

51) 

s 

51) 

»   ! 

.5g  11 

60  U 
60  0 


HI  o 
51)  i| 

51)    s 


5')  ft 

5')  ft 

51>  ft 

51)  ft 

5')  ft 

5ii  ft 


1     5') 

ft 
ft 

1       51) 

6 

51) 

ft 

5') 

ft 

S') 

ft 

5'l 

6 

5') 

6 

5') 

ft 

5') 

6 

5') 

ft 

5') 

ft 

15.500 

5')  6 

1 5 . 50O 

5') -ft 

15.500 

5')  ■  ft 

16. 100 

5')  ■  ft 

lft.7ISI 

5')  6 

1ft. 700 

N-,      11. 

l-.-i-l. 

lft.7(IO 

5'), ft    ' 

Ift.llMI 

5')  7 

|5,MIO 

VI   ft 

1  l.*)5(| 

5'l  ■  ft 

1I.4IMI 

5')  ft 

1I-4O0 
14.400 
ll.4(HI 
14.400 
14.4011 

11,400 
I4,4IHI 
14,400 
14  400 
14,400 

U.IIIO 
ll.4(KI 
14.4(MI 
14.4011 
14,400 

I  I.  1(1(1 
II.  KHI 
11,4(HI 


5')  6   1 
59   7 

5'»X 


51),  7 
5M-7 
51).  7 
51) ,  7 
5')  ■  7 


51)  s 
Hid 
ft(|,  1 


14.400 

ftOl    1 

1  1.  KHI 

HI    1     1 

1  1.4(H) 

<^t    i 

14.4IHI 

HI    < 

I4.4(HI 

Ml   4 

1  l.4(lO 

Ml  5 

1  1 .  iW 

ftO.5 

M)  ft 

S^.lt.       K.-ct- 


14,4(111 
II.')  ill 
14. UK) 
14. KHI 

14.  KHI 

14. KHI  i 
I4.')50 

15,  5(HI 
11, 1)50 
U.')51l    i 

I 

I  I, '15(1    I 

II  ')50 
1  I. ''50 
ll,')50 
14,')50 

U,')5(l    ' 
ll.')5(l 
15,5(«1 
lft,7IHI 
1 7,, (20 

17..tJ0 
17. -no 
17. '1 10 
17.420 
17,  (2(1 

17.')4(l 
IS, 560 
I'l.lso 
l'I.S(H) 
I'ISOO 
20.421) 


Ml   S 

Ml  S 
Ml  s 
ftO  S 
Ml') 

61  (I 
61-.' 
61  2 
ftl  2 
61     _' 


ftl 
61 
ftl 
ftl 


(•:  i 

62    i 
62   2 


62  6 
62    ft 

ft2  ft 
62  6 
62   7 


21  .6HI 
J  I  ,ft(»(l 
21  ,ftftl) 
21  .ftiill 

2  '.JS'I 

22. 'HHI 
24.1KI 
24-IKl 
24.140 
.'I.IKl 

.'5.  ISll 
26 . 620 
27. SMI 
.'7.Sftl) 

_"*.  IIK) 

2').  KHI 
2'*.  loo 
10,  IKI 
(0.  (4(1 
(o.  <Kl 

((l.')ft(l 
(1.5S0 
.( .' .  200 
.(■    S'O 

.)2.S2(I 

4J.S20 
J2.s>i, 
(1.440 
.IJ.440 
J  1. 440 


Jl 
62-7 

ly. 

1(   410 

August. 

ScjitPlIlller. 

Oct 
ft(   ft 

alH-r. 
(').020 

November. 

l)<venilx'r. 

1 

62-2 

3(1.  140 

62  "1 

34.680 

64  2 

42.7KI 

64  2 

42,7Kl 

2 

62   S 

(1.060 

62  ■  3 

iO,')6!) 

610 

35.  100 

61  ft 

1').020 

64    2 

42.740 

64  2 

42,  7K) 

.1 

62   S 

34.(KiO 

62-2 

30.3KI 

61   (1 

35.. loo 

61-8 

40.  2M) 

64   2 

42,7KI 

64   2 

42,  7K) 

4 

62   7 

.((.4K1 

62- 2 

iO,  3K) 

63    0 

35,, KHI 

63-8 

40.260 

64   2 

42.7KI 

64  2 

42,  7K) 

5 

02  S 

14.060 

62-2 

.«).  i40 

63   (1 

35.3(H) 

64  0 

41,, 500 

64  2 

42,7KI 

64    1 

42.1211 

6 

62   7 

41.410 

62   2 

30  340 

63  . 1 

35,920 

64   2 

42 , 740 

64   2 

42,740 

64    1 

42.120 

7 

62-8 

(4,0MI 

62   2 

.iO,  (40 

61-2 

36,540 

64   2 

42.7KI 

64   2 

42,7Kl 

64  0 

41.5(81 

H 

62-7 

,(.i.44() 

62-2 

.(0.340 

63 -> 

36,540 

64   2 

42.740 

(14   2 

42,74)1 

64-0 

41.5(H) 

g 

62  6 

.i2.S20 

62-2 

.f0.3K) 

6,1    2 

3h.5KI 

64   2 

42,7KI 

64   2 

42,  7K) 

ft4-0 

4I.5(H1 

10 

02  5 

32 , 2(H) 

62   2 

.10.340 

h\-2 

3ft.  5KI 

64-2 

42,740 

64   2 

42 ,  7KI 

ft4  () 

41  .5(HI 

U 

62   .5 

(2.2(H) 

62-2 

.t0.3K) 

M   2 

.16,  SKI 

61-2 

42,740 

64  2 

42,  7K) 

6,(8 

40.2ftli 

12 

62   .5 

32.2(HI 

62  -  2 

.1(1. 3KI 

61   2 

.16.540 

64   2 

42   7K) 

64   2 

42,  7K) 

63    8 

411,2611 

U 

62  4 

31.5S(I 

1,1  ■> 

30.34(1 

63  2 

.16,540 

64    ( 

43 , (60 

64   2 

42,  7K) 

ftl    8 

KI,2M) 

14 

62   4 

,!  1 .  5S(I 

62   2 

.(0.34(1 

M   .\ 

37.1  Ml 

64   2 

42,740 

64   2 

42,740 

61    7 

19.040 

IS 

62   4 

31.580 

62-2 

.10.340 

63-4 

.17 .  780 

64   2 

42,7KI 

64   2 

42,7KI 

6,1    6 

VI . 020 

16 

62  4 

31.5SO 

62-2 

30 .340 

63  4 

37.7SO 

64  -  2 

42.740 

64   2 

42,7KI 

6(6 

39,020 

17 

62   4 

(1.580 

62   2 

.10,340 

63  4 

37,7.SO 

61-2 

42, 7K) 

64   2 

42.7411 

ftl -ft 

39,OJO 

IS 

62  4 

31.580 

62   2 

.10.340 

63-4 

37.780 

64   2 

42.740 

64   2 

42.7KI 

ft,l   ft 

39.020 

11 

62   4 

31.580 

62   2 

.10. 140 

63  4 

37.7SO 

64   2 

4J.740 

64   2 

42, 7 10 

h3  ft 

39,OJI) 

2U 

62   4 

31.580 

62-4 

.(1,580 

63-4 

37,780 

64   2 

4J,740 

64   2 

42,  7 K) 

ft.1  5 

(S,4(S> 

21 

62  4 

31,580 

62-6 

32.820 

63-4 

37.780 

64   3 

43.350 

64   2 

42,740 

63   4 

37,780 

22 

62-4 

3I.5SO 

62    6 

32.820 

63-4 

37,780 

64-4 

43 . 980 

64-2 

42,  7K) 

61  4 

17.780 

23 

62-4 

31.580 

62-6 

M .  820 

63-4 

37,780 

64-3 

43,360 

64-2 

42,  7K) 

63  4 

,i  7 ,  780 

24 

62  4 

31,580 

62-6 

32.820 

63   4 

37,780 

64-3 

43,360 

64  -  2 

42.710 

M-.^ 

37,1611 

25 

02-4 

31,580 

02-6 

32.S20 

63  4 

37,780 

64-3 

43 , 300 

64   2 

42,740 

63  4 

1 7 , 780 

26 

62    \ 

10,060 

fi7.    6 

31   ?.)n 

61-4 

17   TKO 

1-4- 1 

41,  W> 

64    .- 

4^    740 

ft!    4 

-.7    7S,1 

27 

hi   I 

30. 140 

62-6 

32.S20 

03 -ft 

39,020 

64  3 

43,3MI 

64    2 

42, 7K) 

61    ,( 

37,1(KI 

28 

62-2 

(0.34(1 

62  6 

32.820 

63 -ft 

39,020 

64  3 

4I,3MI 

64    1 

42.120 

ft  3    2 

36 , 540 

29 

02-2 

.W.3KI 

62-6 

32.820 

63  6 

.19,020 

64-3 

43 .  MM 

64    1 

42    120 

63   2 

.16,540 

30 

62-2 

30. 3K) 

62-7 

33. 4K) 

63  6 

39,020 

64-2 

42,7KI 

64-1 

42.120 

63  -  2 

.16,540 

31 

62  2 

30.. (K) 

62   8 

34,060 

64-2 

42.740 

63-2 

416 
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Winnipet;     River    at     Otter     Falls 
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in 
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II 
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'1. 
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(i.llIKf 

I>N- 

lilulll 
K.-l 

•  h. 

IKf. 

Si 

ft. 
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lA 

Mil 

1,  f   .' 

Id 
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t; 

1(1(1 

hi    ( 

*; 

\l*\ 

(,1   .' 

W) 

541) 

(,  t  ; 

(it  I 

fi  t  .' 

fi  t  -> 

111  I 

(1 1  .' 

(.12 
(■12 


(1 1   J 
(I  t   .' 

(.4  ■  -' 
(,1    .' 

(,  1  1 

(.4  .' 

(.  4  _' 

(>  I  .' 

(>.4  I 

(I  4  II 

(,  (11 


(>4 
(>4 


Kebntarv. 


(..llltfC 

lli'iuhl 


4<l.0>0 
4II.J(i<l 
W.im 


4(1    MO 

i;  i«i 
"1  »i>i 

4(1,^4(1 

4; .  Kill 

Ih  <4ii 
li,  44" 
In  ^|ll 
4(.  S4II 
4(>.'4II 

4fi.'4(l 
Ih  ^1(1 
11.  Mil 
i'..<4ll 
".  <4ll  I 
! 

lo,^4(l   ) 
l(..A4i|   I 
4(1,^411   i 
4ft ,  4  (It 
45  V.'lt 


ft4  M 

6  4  M 

(i4  M 

ft  4  ft 

ft  4  4 

h4  > 


ft.' 

M 

(li 

K 

fti 

H 

ft! 

S 

fti 

14 

ft.' 

H 

ft-' 

ft 

ft  J 

H 

ftl 

1 

ftl 

i 

ft4 

4 

ft  4 

4 

ft  4 

?. 

h4 

II 

l>H- 

<  li.irniv 


K.ft.   I  >■•. 


II. 


tHiftll 
44l.>IHtl 
4ll.iftll 
I'lllill 
lll.iftll 

411  ;ftii 
ill.  Jftll 
til  .'(ill 
I'l.ll.'ll 

.17.7KII 

4ft.  ^»ll 

H.  nm 
14. 11(111 

44  IKill 
44.IKIII 

44.llf.ll 
44.ll«i(l 
44.llftll 
44.llnll 
44.IKill 

14. (kill 
4  J.  Hill 
44.IKill 
4'>.i).'n 
47.|ftll 

17.1h(l 
47.  \m 
Ift.SJ'l 
4S.  ((HI 
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'i.lllUi' 

Mi'iulii 

ui 

, 

ft! 

(1 

ftj 

ft 

ftj 

S 

ftj 

< 

ft.! 

^ 

(li 

^ 

ft.' 

ft 

ft-' 

fti 

ft.' 

fi 

ft! 

( 

ft.! 

4 

hi 

( 

hi 

ft 

ft  2 

4 

ft.! 

4 

ft' 

( 

ft-' 

' 

ftj 

1 
4 

ft.' 

4 

hi 

2 

hi 
ft.' 

1 

ft  2 

1 

ft' 

1 

h2 

t 

(i2 

(1 

hi 

0 

61 

■•t 
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I  ( ..Hint* 
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Flit 
ftl    H 


41  441) 

42  H-'ll  I     h2  II 
4J.K2II  ftl    I) 


>IM) 

to 

tl 

.'(itl 

1*1 

n 

i.*. 

H  *H 

61 

•i 

4»<t 

ti\ 

'J 

440 

hi 

'> 

41 

^Hll 

411 

'M*t 

42 

K.'ll 

41 

5HII 

41 

SWI 

41 

5X11 

4(1 

4(11 

41 

s.mi 

II 

5?l(l 

411 

4(11 

2*1 

7  211 

'■> 

72(1 

2'),  7211 
2i»,72ll 
2'),  7211 
2'>.lllli 
2<(.ll»l 
JH  .  (SO 


42    I'll          ftl  1) 

II  ,5X11    \       ftl  ') 

41     4X11           ft}  .<> 

ftl  i| 

ftl  '» 

hi  I) 

hi  >l 

hi  7 

ftl  7 

ftl  X 

hi  X 

hi  X 

hi  X 

h2  II 

h2  II 


llH- 

■  h.itm' 


27.Kft(l 
2'l  HXI 
2X  (Xll 
2,"  X(XI 
!').  IIXI 

"I  imi 
2')  imi 

2X  (XII 
2X.4XI1 
!X.4XII 

2X .  (xll 
2X.  (HII 
2X,  (Xll 
2X .  l.xil 
2X.4X:l 

2X,4Xll 
2X,4XII 
27.2(11 
'7  2(11 
2  7.Xftll 

27.Hhll 
27.Xh(l 
.'7,Xft(l 
2i».llKI 
.'<).1(MI 


ft2  II  2i<.llXI 

h2  II  2').lllll 

hi  II  j    2').lllll 

hi  (I  2'l.  Illll 

hi  II  2<l.lllll 


Jlinr, 


■.iu».-  1 

milt  1 

K.X- 

, 

hi 

() 

ft' 

1 

ft  2 

1 

ft! 

1 

fti 

1 

h! 

.. 

hi 

1 

hi 

2 

ft! 

i 

hi 

i 

hi 

2 

hi 

4 

hi 

4 

h! 

( 

hi 

4 

ft  2 

4 

fti 

4 

fti 

5 

hi 

5 

hi 

5 

hi 

X 

hi 

1} 

ftl 

II 

1.4 

11 

ft  4 

II 

ft  4 

» 

ftl 

i    1 

ftl 

I 

hi 

2 

ft  4 

.4 

hi 

4 

I>i«- 

(iallxr 

l)i«- 

ll.lfB''. 

lil'iuht 

<  lutlKf. 

S.-i,.ft. 

K.n. 

^-..fl. 

i'J .  ll«l 

h4    5 

IX    (IHI 

2*» .  7  20 

h4    5 

IN .  MHI 

."» .  7  ill 

hi    5 

.4H .  4IIII 

2i< .  7  'II 

61  •  5 

IK ,  ((HI 

i'»,7-'<l 

hi    5 

.4H,  4(1(1 

40 .  4  ((I 

hi    5 

4H.4(HI 

2'(.72(l 

ftl    5 

4X.4(H1 

40    410 

hi    5 

4X.44KI 

40 .  4  (0 

h4    h 

I'lllill 

40.  4(0 

ftl    X 

lll.2ftll 

411.  1(0 

h4    0 

41    5011 

4ll,<l(rfl 

hi    i 

42.740 

41  .  vXII 

ft(    i 

4i.7(0 

41 .5X0 

h(    i 

(2.740 

,41,5X11 

h.    i 

(2.740 

.11,5X0 

'.12 

42    7(0 

41     5X11 

ftl    2 

4  2    740 

42  .  2IK1 

ft  1    2 

42,740 

42  iim 

ftl    • 

4i.740 

42.2011 

ftl    4 

4  1    41X1 

K.llftO 

hi    4 

4  1 .  IhO 

ll.hXIl 

h  (    1 

4  4 .  4hO 

15.  4IHI 

ft(    1 

4  4.  4hll 

45.  4IMI 

ft(    1 

4  4..I(KI 

45.  41  HI 

ft  1    4 

4  4.  4(MI 

1ft    5  III 

ftl    1 

1  1.  4'.ll 

lh.4(0 

ft(    ( 

4  4. '(Xll 

4h.5(ll 

h(    ( 

4  4.1)KI1 

4h. 540 

h(    4 

4  4 .  *(X0 

(7.1(1(1 

l>4    4 

4.1.<)H0 

(.4    4 
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4t.  *«> 

Am 

64   0 
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41  .  5IKI 
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64    1    !    47.7.X1I 
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62   X       44.1160 
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I>H-cml>cr. 
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6i    1 

2<),7ill 

61    1 

2(.7hll 

2 

(.14 

4  t .  ''«0 

64   '1 

41  .51111 

(.1  ft 

4<l  OiO 

62  X 

44,060 

hi    0 

i'ligil 

61    .1 

24.7(X1 

.4        . 

(.4   4 

■»  t,''HI» 

(.4  II 

(1.51X1 

(.4    (1 

10   020 

62    '1 

44 , 6X0 

hi    1 

i').7ill 

61-2 

24,1411 

4 

ft4   4 

4*    MKIJ 

(.  4   i| 

4II.XX0 

(.4.5 

IX.  lIXl 

'1,'    X 

44.IK1O 

hi  - 1 

2'l.72ll 

61     2 

2(,I40 

5,    , 

ftl   4 

4t.')H» 

64    K 

40.260 

(.15 

4x.  imi 

6i    7 

4.4.440 

hi    1 

i'J.  720 

61     2 

24,1(0 

(.   .  . 

ftl    1 

4  *.'*«(» 

61X 

411.2611 

64    5 

4X.4IXI 

hi   ft 

42X211 

hi    ! 

10,. 4  40 

61     2 

21,1  III 

7. 

(.4     I 

4*.MM(1 

6  4-X 

411.2611 

ft4    5 

iy-    illll 

hi -7 

4  4.440 

hi    1 

i'l    7  ill 

61     2 

21,140 

X     . 

ftl   4 

4  t.<)»*u 

6  4.x 

40.260 

ft4    5 

1^    |;HI 

hi   7 

4  4.440 

fti    0 

.".    llHI 

61     2 

i ( ,  1 (0 

'1, 

ftl   4 

4i  "V.I 

6  4    X 

411.260 

(.14 

1      7X0 

hi -7 

4  4.4411 

hi  0 

i'.     Illll 

61     1 

i4,7hO 

III 

(.14 

4,*.'-iMi 

6  IK 

(0.2ftll 

61    4 

<,  .7.XI1 

hi   7 

4  4.4411 

hi   (1 

i'l.  IIXI 

ftl    2 

24,140 

It 

ftl 

(  1 .  4(rfl 

6,4  ■  X 

40.26(1 

ft  1  ■  .1 

47,1611 

hi    7 

41   4(0 

fti    0 

i*t.  IIKI 

61  -2 

21.1(0 

li 

(.4    1 

44.  460 

64    X 

4<l.2(rfl 

ftl   2 

46.5(11 

(li  -  7 

4  1.440 

fti    II 

i'i.  KNI 

61     2 

24.140 

11 

64     4 

4  4.  4(,ll 

6  4    X 

411.260 

ftl    1 

45    iJiO 

6i  -  7 

4  4.440 

fti    1 

2'>.72ll 

61  -2 

24.140 

14 

(.4    : 
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I   '     INril 

VI       1     1 

1      t- 

1    •    <HMI 

■^■i    i " 

I  (   ^-^It 

1   >    Ittfll 

*'J    III 

1  t    t^lt 

I  '  inm 

V,  n 

t »   "Wl 

1   '    iHHI 

'■»  1, 

t  (      <>,'4I) 

1    '    IMK> 

-1     |s 

1 1  mm 

1    •     1     " 

>■»    M\ 

M    HINI 

t    ■      I  ..1 

•  t    Ml 

1    t     «tN| 

I   '      1  *i- 

■1    Ml 

1  t      «INt 

1    •      (!«' 

•'*   ;m 

It     tINI 

(».iiiii.. 

IfUlll 

'        III. 

■  I.iia 

1.1 

V        I 

(III  111 

hit    1  . 

ll.  - 
1 ,    1 

I  III 
I  '11 
I  '11 
1  '11 


1 . 

'      »  -il 

<<    •• 

I*     ■      . 

,,,, 

i<i 

,  , 

I. 

•     *^ll 

•■'    '"' 

IS     ^.(11 

M 

HI 

^  In 

M 

'     /Mil 

<'»    »MI 

i;  siHi 

r.'l 

i-i 

.*■» 

'     ('.Hll 

%'l     HH 

I> .  H»  1 

f.U 

li 

,  ^ 

.'  * 

z  ;>»i» 

iu    't*t 

H    'ilMI 

Mt 

1  >> 

.'  ^    . 

•  .:'Mi 

S'l    'ft 

I<^    <4)HI 

Ml 

p, 

lIMI 

-■*    i 

' .  r**!* 

S<l    '«! 

H    -^IM 

Ml 

^m 

!■' 

f.MI 

'.-    ' 

,' ,  7HU 

W    -1^ 

I'l  n'-ii 

Ml 

fi'i 

1'* 

'•fit( 

*  ■ 

Ui    am 

fiO 

Mt 

I'* 

'.Ml 

* ' 

\U     ttHI 

M» 

Ml 

t'J 

'" 

.,-■( 

Ml   II 

Ui.  >■*'! 

Ml 

'i.'     . 

I'J 

MI      III 

r..i     ID 

Wi    SMI 

Ml 

'•■' 

1'* 

f./Ht 

_ 



1,  !..l. 

1 

\.jVi*Ui1m  r. 

Deicni 

«-r 

M    4 -n 

M 

'" 

't     ("'Ml 

M 

'  1    'J\;i 

.'>         All! 

M 
M 

'1 

''',  I'll 

M 

'f.,    iH.lt 

M 

r.t 

U 

•ii   (ir,*l 

M 

r»  'iMi 

I'f    ft'iO 


ifl 


,  IIMI 


Jfi,  I.SO 
2f»,.*.S(l 
ih.IIKI 

i^    K_'0 

^'Vh_mi  I 


'  (  ,  Hf.«l 

.    Ml 

i>'l 

VI 

(.(ill 

'  1.  >«o 

r>4i 

liti 

I'l 

(I'lll 

'4     {DO 

Ml 

r><i 

Ml 

I'l 

I'l 

(Kill 
(111 

:i(i 

(lit 

'^ 

I'l 

(Hll 

'  ;itt 

M) 

>h 

I'l 

IKII 

:.  iMi 

Ml 

hi, 

I'l 

'<♦!) 

-',  t'.M 

r>(i 

S- 

I'i 

Ull 

1     IMI 

Ml 

^» 

I'l 

l.«ll 

'     IMI 

Ml 

Ml 

;; 

I'l 
I'l 

ISII 
imi 

'     l'<tl 

'ill 

>it 

I'l 

lim 

I  ,'«ICI 

Ml 

>(i 

I'l 

urn 

!  'Jim 

.•j; 

l.O.M) 

f,il 

'11 

I'l 

imi 

1     *40 

M) 

K. 

in 

mil 

I ,  mi 

Ml 

1.' 

l» 

Mil 

I     i4il 

Ml 

Ill 

1« 

^411 

1     MMI 

Ml 

1^ 

IS 

'Ml 

)  :so 

M> 

ill 

17 

'INO 

Wl- 

Ml 

17 

ISO 

8«37(i  -27J 


mimm 
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DifJiirtment  of  the  Interior 


rahle  ?J.     Ihtily  Disiharf,c  oj  the  W'hinipix  River   at    Slave  Falh  in  Manitoba- 

rdiitimuMl. 
\<t\i. 


Day. 


Januar>'. 


(■.UIUC 
II.IBllI 


'      I 


II 
\> 
I  I 
14 
IS 

I'l 
17 
IN 
l<) 
i(l 

21 

11 
',( 
H 
IS 


lid    ts 
(II  40 


.  ll.ltl!.-. 


Si  .   ft. 


IV.i'Kn 
1 7 .  i<»0 
K.'l.'ll 
IK    .'Ml   :    Ml 
IK. 540    !    Ml 


Fi'titllan,-. 

(-..iiiBi- 1    ni"- 

lli'ti:ht    I  ( luirKt\ 
I'l-cl. 


(tiiuite  I      Di;*- 
ItriKht      i'liarK<\ 


(lO  4(1 
Ml   411 


S«i.|t. 

IS,S4<I  SilUS 

IK.54(t  1   5'»  K4 

IK. 'Ml  SI)   Kt 

I7.«IK0  SI)   K2 

i;,')KII  I    .S')    KU    I 


Kifl.    .  Sfi'.-ft. 


I'. .SSI) 

IS.SSII 
IS.SSII 
IS.  IIHI 

IS.  imi 


(if)  OS  in. '140 

(.1  (K(  .'I    'MKI 

(.1  IIS  i    .'.M.sll 

(it  111  .'.'.  IMI 

(it  III  .i.'.Kil) 


(ill 


(>l  10 

(il  10 

(il  OS 

(il  (IS 


(lO  ')S 
(lO   70 


M)    70 
(lO   ()S 


(lO  .SO 

(II)  4S 

(lO  IS 

111)  IS 

(il)  4t 

(il)  41 

(id  to 


:  I .  Ilia 

JO.-'.'O 

.'O.-'iO 

.'().. '.'() 

l').')4() 


.'IKO  I  SO 
. 'IKO  i  .S') 
.  ,(ld 


i     IS.  (ISO 

I    IS. (ISO 

.S'>-7_»    I     1  l.KIIO 

I  1.XI.O 

I4,SS0 


,  KiO       (lO 
.  4(>()      (lO 

.  ISO       liO 


I 


I  (H) 
I  III) 


l'».  (KO  S'l 

ID.  IKO  i  .S'l 

li(.,(.S()  I  .SI) 

I').  1(H)  S'l 

IS.S.'O  !  SI) 

IKKJO  '  SI) 

IK.M.M)  I  SI) 

IK.KJO  :  SI) 

IK..S4()  j 

IK.S4()  I 


'J.S    I 


17  III) 
l(i.K(iO 
l(i.»(>0 
Id.  SSI) 
1(1.  «K) 

Id. 100 

1(1.  loo 

1(1.  KM) 
I'l.  (00 
1(1. (ISO 

1(1. (ISO 
Id. (ISO 
Id.OSO 
Id. (ISO 
IS.KOO 

tS.KOO 
IS.KIKI 
IS. KIM) 
IS.KIKI 


S')   (i4 

SI)   hi 
S')    <<1 


I4.SS0 
14.  100 
14. (00 
14.000 
14.000 

j  I  (.7(K) 
I  l.7(NI 
I  1.1.4(10 
I  I  1.400 
1    H.KK) 

K.lOO 
1  > .  i)S() 
li.7(«) 
U.S(Ml 
I.'.  100 

I  -' .  4(K) 
I.'  400 
l-'.S(N) 
li.SOO 
I .' .  MK) 
l.'.dlK) 


April. 


May.  Junr. 


(tUIIKI* 

ilriKlit 


SQ   JO 
S<1   JO 


UU-      .  (lallKi- 
I'hatiiP.    Height 


S.-.  ft. 


1J.7(K) 
IJ,7(K) 
IJ.70O 


(lO  (17 
(lO  10 
(id     IS 


I)ii-       i  ll.lllur    I        l)i<. 
rll.irui-.    lllrlKlU     :   i  lliirnf. 


S|.,.ft.  :  1-.-.I. 

Ui.SCO  I  dj  OS 

Id.s.so  I  dj    IS 

Id.Sdd  j  dJIS 

IK.KJd  I  . 


S'l H      ij.  ;7.s  I  (id  so  I  i'),io<i 


I  J,.H(Ki  I  do  II)  I  IX.SIO 

1J.K)K)  '  W)  IK  \  I'l.HK) 

1  J. ")()))  (id  SJ  ;  I'l.  lot) 

I.!    1)00  :  (ill  dS  i  l'l.')4(l 

IJ.'MIO  i  ;  Jd.SdO 


IJ.'KM)  \  dO   KS 

IJ.'ISO  I 

I  I.OdO  i  dl    (K) 

I  I.IKH)  I  dl    JO 

H.(MK)  dl     i.S 

I  I.  1(10  ' 

I  t.KKI  I  dl    40 

I  I.IOO  dl    4.1 

H.ISO 

1  I    JOO  I  dl 


SO 


II    S(H)  I  dl     SI 

I  I.KIHI  I  dl     SS 

14.100  I  dl    dJ 

I  1    too  I  dl     70 

ll.7(K)  I  dl     74 


IS  <IKI  (il  KS 
I s  (riHI  dl  ss 
|S.')()0  dl -<)| 
Id.JIHI  dl  ').S 
dl    "IK 


Jl  (IdO 
J I  Sdd 
J  I. ')()() 
J  1.0 JO 
JI.KdO 

J  I. Odd 
J  I  ltd 
J  4. 4 JO 

J4.dlK) 
J1.7(K) 

J4.7(K) 
J4.'<K() 
js. Jdd 


•OS 


JK.  IK) 
JK.  110 
J>).(MK) 


10.  1(H) 
.(().4(M) 
•Id.SKd 
J'l .  I W) 
JK .  'loo 

JK.7(K) 
JK.400 

JK.  J(K) 
JK.(H)0 
J7.7K() 


dJ  OS  J7    7K0 

dJOt    j  J7.7KO 

dJ    IS    I  JK.  Ill) 

dJ  Ol     I  J7.SIH) 

dj  0,1  j;  .7K0 


d,' 

Ol 

J  7 

7K() 

dJ 

(N) 

S(H) 

dl 

•)S 

J  7 

JJO 

dl 

')() 

Jd 

<)40 

dl 

Kt) 

Jd 

IKO 

dl    K<) 


Jd .  ')4n 


Jd    4(H( 

Jd.ddd  i  dl  KK  ,   Jd.')4() 

Jd. 1)4(1  I  dl  KK  i   J(i.y40 

Jd.')40  j  dl  Kl     Jft.il4() 

J7,JJ()  hi  K7  1   Jd.ddO 

J7,.S(HI      1 


.10 
.11 


July. 

dl  .'Id  I  J7.JJ0 

dl    K<)  I  Jd.')4() 

dl    Ki  i  Jd.ddO 

dl    K4  I  Jd.ddO 

dl    7><  I  Jd.lXO 


.XllKII^I. 


Si'litcIlltnT. 


dJ  (11 
dJ  ()S 
dJ   (W 


7S    I 
7d   , 


Id 
OS 


dl  70  I  Jd  (KO 
dl  Kd  1  Jd.  iKO 
d!  -If- 
dl  7S 
(it  7d 


dl  74 
dl  -70 
d|.7.S 
dl  77 


dl  70 

d|  KO 
dl  K4 
dl  -KS 
dl  KO 
dl  1)0 
dl    04 


|IM) 

J  (I 

11M> 

2fy 

IfNt    1 

.»S 

>'H\ 

)U 

lIMt 

.!(» 

MMI 

J  ft 

.<H() 

2U 

IKO 

.*f» 

fiftll    j 

Jd.ddd 
Jd.'l4() 
Jd.04() 
J  7. J  JO 


dl    OK 

dJ  (HI 
dJ  OS 
dJ  dl 
d|  OK 
dJ   (H) 


dl  OO 
d>  IH) 
dJ  OO 


I 


7    7K0    j    dl    00  j  J7..S(K) 

J7.7K11   !   dl    OO  j  J7.S(H) 

J7  .S(H)    '    (iJ-(H)  I  J7.S00 

J7.7KO   ;   dJ    47  '  .lO.OJO 

JK.(H.()   ,   dJ   .IS  j  J0.4dl) 


Jd.  KM) 

Jd,  KHl 

Jd.  IKO 

Jd,  1(H)    I    (ij  OS    I 

Jd    IIH)    I    dJOd    I 

Jd.KH)    i    '■'    ""    '• 

Jd.  I 'HI 

Jd.  KK) 

Jd.KH) 

Jd. 1(H) 


.7K() 
.(Hid 


,7K0 

.7K() 
.Odd 
.(KiO 
.7K0 
.  7.K() 

.7K0 
S(K) 
7K() 


.  ,S(K) 

.  7K() 
.  7KO 
,  SIK) 
,  .S(K) 

.S(H) 
.  S(H) 


dJ    Id 

dJJS 
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0(K) 

dJ  JS  ;  JK.O(K) 
dJJS  ■  JK,i))K) 
dJJS    1   JK.'MKI 


dJ    J.I 


JK.O(K) 

JK.OIHI 
JK.OIK) 
JO.IHH) 
JO.J(K) 


dJ  4S 

dJ  Id 
dJ-4K 

dJ  SI 

dJ  .SK 

dJ  S7 

dJ  Sd 

dJ  S6 

iij  Id 


lO.OJO 
Id.OJO 
Id.. UK) 
Id.  KHl 
.«).KdO 

lO.SKO 
lO.SSO 
.Id.SKO 
Id.OJd 
Id.  KHl 


.ld.7(KI 
.10, 'XH) 
It  .  KHl 


dl 
dl 
di 

d.i 
dl 


■■MilHr. 

ll.SIHI 

ll.SIKl 

.ll.SIHI 

,    .U,-S(HI 

i    .I4,JJ() 


.11  .KK)    I    dl    IS        ,11.040 


dJ    70  It. 4 JO 

dj.7()  I  ,11  .4J0 

dJ    74  ,  II  .7(KI 

d  J  ■  KO  j  i  I  .  OKI) 


dl    IS  ;  .11.0  10 

dl    IS  11,010 

dl    IS  i  H    010 

(ills  I  n.oio 


dJOl 
dJ  Od 


(1,1  ().< 

dl  O.S 


JO .  «¥) 

61 

Od 

>0    S(H) 

dl 

10 

J0.d(H) 

dl 

to 

JO.KIHI 

dl 

l,> 

JO . 000 

dt 

JO 

IJ,S40  j 
IJ,KJ()  ' 
U  KHl  ! 
.1 1  I.M)  j 
.1,1.. I"()    1 

il.  IKO 
,il.dd() 
11  (idO 
l<  040 
11. J  JO 

7K() 


MS 
Ml) 
I    10 


dJ   K5 


,K0 


dl    JK  I    il 

dl    JK  1     <1,  7K0  I    dJKO 

dl    JK  '     11    7K0  dJ    KO 

dl    JS  \     II.S(H)  dJ    .KO 

dlJS  :    ,I4,,SIHI  dJ    7S 


! 

dl    JO   I    14,  J  JO 


dl.,IO 

(I  I  ,'d 

d  I  ■  .'  s 
I.I  JS 
I.I    ,KI 


'4 
.11 
11 
II 
I4.7KI) 


11 


IJ 


040 
.  ddO 
.ddO 
.  1(H) 

,S4I) 


JdO 


1 1  . 0.-.() 
(I  .OKI) 
.1 1  .  OKI) 
.11,  OKI) 
II  .  7(H) 


dJ 


11. 


;(Ki 


It  7IKI 
,11  7IH) 
,11  7(K1 
,11  .7(H) 


dJ  (Id 
dJ  (lO 
(>J  -do 


dJ  SO 
dJ  SO 
dJ  ■  SO 

dJ  40 
dJ  40 
dJ  4() 
dJ  K) 
dJ     10 


ft-* 

10   1 

Ul 

JO 

Ul 

JO 

ft.' 

.Ml 

Ul 

JO 

Ui. 

JO 

(il 

JO 

1t2 

JO 

ttl 

JO 

Ul 

JO 

(,2 

Jd 

f>2 

JO 

Ul 

JO 

ft.' 

JO 

fti 

lo 

Ul 

to 

KI.KdO 
K),K(i() 
K).K(iO 
,K),Kd() 
ld,S(H) 

,K),K(iO 
,K)..I(H) 

K1..KK) 
.10, .KK) 

K),.KKI 

JO  740 
JO. 740 
JO,74() 
JO .  I  KO 
JO .  1  KO 

JO, IKO 
JK.dJO 
JK . d JO 
JK.dJO 
JK.dJO 

JK.dJO 
JK.dJO 
JK.dMI 
JK.dJO 
JK.dJO 

JK.dJO 
JK.dJO 
JK.dJO 
JK.dJO 
JK.IKlO 
JK.ddO 


\\"nni':l>i-.\  Riicr  Pmccr  niul  Slonrj^c  I iiiYs:i':,ittioiis. 
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'J'lthle  >.i.     Diiily  Disrhdn^r  of  the  UiuHipc'^    Riirr  at  .Slarr    h'nUs  ni  M'liiilofui- 

(  (iiitimu'ii. 


Day. 

1         J.iim.ir>. 

Krliruury. 

i          M. 

irch. 

.\|iril. 

M.iy. 

1 

1               J 

in*'. 

j  (..iui!f 

lll-l- 

(taimi* 

1      ■'"- 

1  (iiiUKr 

!)U. 

i  l..iiiii'' 

1        1)1- 

1  1..111K'- 

111... 

( ..iimi- 

1     1)1. 

|IKmi!Ii1 

tluirai-. 

ll.-iKlit 

!  ch.trKi'. 

|ll-iKllt 

rluirKC 

jlKlKllt 

;  i-li,iri{''. 

|ll.-6:lii 

'  ■  h.ii^i.. 

Ih-IUllt 

'  h.mif 

K«M. 

s-..  ft. 

K.rl. 

Si-,-..tt. 

1    Kivt. 

SN-.-ft. 

I'Vi't. 

Sv.-ll. 

K...I. 

•    .N-.  .  It, 

i-\'.-t. 

St-i      It 

I 

f>.'  1 

2S. 170 

62    I 

j   2.S.17II 

1     M)-i) 

21.601) 

56   (Ml 

1    16.2'lll 

j    (HI  X'* 

2 1   (.'111 

i    ft2    HI 

41  .OS<» 

2 

1    (I.;  (> 

2  7  . 6  111 

62    1 

IM . 1 70 

i      60  ■) 

21  ,6')0 

5')   'J5 

1     16,  51^11 

61     1  1 

J.' .  7  711 

'    (>2    '>4 

4.*    7ftO 

■    1 

(._'  n 

2  7.610 

62    1 

1    2S.17II 

1       60  ') 

21  .6')0 

i'l   '15 

l6,5f^ll 

1    61 -IX 

21    110 

'    U2    H'i 

4  '  ,  I'iO 

4 

'     U2  it 

2  7.6I'I 

f»2  -  1 

2H.170 

i      61)  H 

21,150 

Ml  Oil 

1     1I..XIO 

i    (■!  -27 

2 1 ,  isil 

U2   •«» 

4'     7MI 

S 

<il  11 

2  7  .63(1 

62    1 

2S,17II 

rd)  X 

21     150 

Ml   IMI 

16.  XIII 

■    61 -51 

2  1   '1 11) 

h4   (M) 

4  4    Hit  1 

ft 

6i-<l 

27.6(0 

62    1 

2s.i;o 

1      60  X 

21     1511 

;    Ml  IWI 

1     |6.X1(I 

61    61 

2i.4,0 

i 

j    02    0  4 

4'     VftO 

' 

0.1   II 

27.6iO 

62     1 

2«. 170 

i      MIX 

21     1511 

^    611  IHI 

'     16. SKI 

'    61     72 

26. (110 

i    ft/    *>U 

4.'    7ftO 

K 

ft!   11 

2  7.6111 

62    1) 

27.6*0 

!      61)  ■  7 

20,611) 

611  IMI 

16    XKI 

(■1    70 

26.010 

1    ft'    ').' 

4  2,401t 

•* 

fti-ll 

2  7.6(0 

62-0 

27.fi»o 

1      611    7 

211  6111 

Ml   IMI 

1     16   XKI 

61    X2 

26    iio 

ft  4    114 

44.  i(HI 

to 

ftjd 

27.6(0 

62    (1 

2 ,  .  6  (0 

1      61)  6 

211.1)70 

{    Ml  IHI 

16, Mill 

61     X'l 

2  7  .O'XI 

!    ft.4    U.' 

4  4,0  4(1 

11 

o»ll 

27,{)io 

(.2   0 

2  7.61(1 

61).  6 

211  070 

!    Ml   115 

17, 100 

61    'IX 

2  7,6111 

'    ft4    OS 

4  4    MHt 

12 

"M 

2H. 170 

62   1) 

2  7.6111 

,      6(1    1 

l').53l) 

1    Ml  (15 

17     lOll 

62-01 

27,11X1 

ft4   MS 

4  4     4(M> 

1  ( 

(,.'  1 

211.170 

62   1) 

2  7  .6  111 

60    - 

1').  5  10 

Ml  IH 

17.  IIHI 

62   111 

2  7,1100 

ft  4    1 1 

-44,  S70 

14 

(1  >  1 

2H, 170 

62-11 

27  .61(1 

611    5 

I'l    5  10 

1    Ml  05 

17.  IIHI 

62    HI 

2X,  1711 

(i4.|IS 

44.  4(M> 

IS 

6.-1 

2W.17I1 

61    ') 

2  7,0')(l 

fill    1 

IS,  (I'll  1 

■    60  (15 

17,  IIMI 

62    1  1 

2X , 1 70 

ft,'   '>4 

.4J.7W» 

16 

(..'  ■  1 

2H. 170 

61    1^ 

2  7.()')0 

611    1 

IX. 'I'll  1 

j    Ml    III 

17    1711 

62    1  1 

2X4)0 

ft  4    01 

44.04(» 

17 

ti.'    1 

2.S.  I70 

61    H 

26.^511 

fill -4 

IX.il'HI 

'    M)    10 
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J>i'p(trlnu'nt  of  Ihr  Jnlvfior. 


'I'attle  5-/.      .\fi.nllily  Disiliurac  oj  W'iunipeii  Klvcr  nl  Shive  Falls  in  Manitoba. 

[Orairiiir  ,irf-i,  fvjmf  ^^uiire  miU^.\ 
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LoKitiiin  iij  (liiii^ie.  Imniiili,iiil\  IjcIuu  tlic  (diiirol  d.mi  d  iln  W  iiiiii|ni>; 
I^k-ctric  Railw.iN  ('oinpaiiN',  iic.ir  ilic  In, id  ol  ilic  I'iii.iw.i  rli.itiiiil. 

Kerords  available.  C.m^v  u'conU  .in-  .i\.iil,ilili-  user  lin-  ip|Hii-u,ilir  ~,-,i><iii 
for  ihc  \iars  lyos,  1<)(W,  1<M().  l')11,  1012,  and  1<>]-1. 

Gauge.     Wrtic.il  stall  n-iii^;t'.  r-"  k  liuliiil. 

Channel.      I'criiMiifiU,  artilki.il  r<p<k  i  iii 

IHscharj^e  ineasurenienls.  During;  liu'  \imi>-  l<)n7  i..  101 1.  iniliisivi-.  ilisiii,ir:i;i' 
iiii-asuroiiH-nl-  wvrv  liiadi'  .it  litis  sUitiun  l)y  the  fiii;im'fr^  of  tin-  W'itiiiiinj; 
liii'cirir  Railvva\  C"i(tii|>.iii\-.  Frotii  lOlJ  u,  date,  iiifasurciiictii^  h.i\c  i.ccii 
sfciiri'd  ii\   tiio  ollkers  nl  tin    Matiiloli,!  H\{ln»v;ra|iliic  Siirvc\-. 

Winter  F'lozc.  Tlii'  o|)(ri-\\,U(r  dis(ii.ii>;i'  citrw  is  not  appliciliii-  during  the 
wiiittT  si'asdii. 

Control.  I'lit"  llow  thruiij^li  ilic  cliaiiiRl  '>  dc|a-ii(kiil  iipiiii  tiio  ikv.ttioii  of 
ihc  waiiT  levol  aboM-  tlio  (|i\(rsion  wi-irs  of  tlii'  \\'imii|H'K  Klfctric  Railway 
C'oinp.itty.  This  water  lt\cl  \,iriis  dirfclh  witii  tin  -lagi-  in  tile  river,  as  tiic 
weirs  .ict  as  f-ei-  spillw,i\s.  1  iic  di^^ilnrgt-  tltrougii  tin-  i  ii.mm-l  can  !)»•  com- 
plctfiy  cut  off  ii\'  iiLning  stopln^;^  in  the  tdiilrol  d,iiii. 


« 


'lahle  55.—J)istliarge  Me(istireii:rii!s  of  ihe  Pinaua  (  hnnnel  of  the  Winnipeg  River 

at  Control  Ihun. 

NuTt."  tidutif  tiei^titj  rcfor  u>  t'pittr  kuuki'  at  t  miliol  Ii.iin. 
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Department  of  the  Interior. 


Tul'Ie  55     Pisilitirfe  Measurements  of  the  /'inuMt  Chnnnil  of  the  \\'ninif>e[i  River 

at  Control  Daw     Cmu  ludi'tl. 
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Tahtf    ^f>.     Piiily   l)i\(lii!r'^,' of  till'    l'nui:nt    i'lu'inul   •■>/    llif  Wnniij'fi  Kivcr  ,il 

('()illii>l    lht»i      Ciiiiliiuu'l. 
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Pvl'urtment  oj  the  Interior. 


Table   56.     Daily  Dis.hurKr  of  the    /'.nawa  Ch.nniel   of  the    Winni^e'^  Rrcer  at 

Control  Dam    -CoiitiiuKd. 
____^ 111  I. 


Day 


II 
12 
H 
14 
15 

16 
17 
18 
l<< 
20 

21 
22 
2,t 
24 
2S 

26 
27 
28 
2<) 
3<l 
,U 


Mu! 


(•auitr 
IIHkIiI 

HI.'  I) 
lii_'  1 
lo.'   I 

1112    I 

102  I 

1(12  1 

1".'  1 

1(12  2 

102  2 

102  2 
102  1 
102  ,t 
102 -t 
102   4 


102 

102 
102 
102 
102 


1112  S 
102  S 
102  ■  S 
102  5 
102   5 

102  ft 
102  6 
102  ft 
102  ft 
102  6 
102   ft 


ill.iruf. 

S-i-  It. 
M.  KNt 
X  ((Ml 
N  110 
N.4I0 
X.4I0 

•<  110 
X,4I0 
X,  1/0 
X,  ^2(1 
■'(,520 

K,  S20 
K.fttO 
K.h.lO 
N.h(0 
»(,740 

H,740   i 

»,740 

«,740 

x,;4o 

«,740 

« .  850 

S,S50 
8,851) 
8,850 
8 , 8,50 


June, 

<;.iiii{f .    i>i«- 

llciuhl      ili.iriie. 


S-,-,  fi. 


MM  I, 
Iii2  fi 
102    7 

102-; 

102-7 

■    1112-7 

1(12    7 

102-7 

I    I02.8 

!    102   8 

102  8 
1(12  X 
1(12  S 
102  8 
102    8 

102  8 
102  8 
102  ') 
102  >J 
Ml  <i 

Mil  1 
102  ') 
102  " 
102  M 
102  'J 


8  '>;  \ 

8,<>7  5 
'I.  100 
''.100 
W.KK) 

'I.KKI 
').10(l 
<'.  KHI 
'>.225 
W.225 

'1.225 
')  225 
''.225 
''.225 
''.225 

''.225 
''.225 
■'.15(1 
''.150 
'',  150 

''.,i50 
•',  15(1 
'',  (50 
'' .  ,150 
'',.150 


July. 


('■.IIIKi- 

ilciulit 

[■.Tt, 

102  '< 
KM  II 
KM  (I 
KM  (I 
UM-O 

KM  II 
!(M  (I 
KM-0 
1(11  (I   I 
KM-1    I 

KM-1  I 

KM-l  \ 

KM    1  f 

KM    1  ' 

KH-t  I 

101    1 

KM    I 
KM    I 

KM    I 
KM   2    '■ 

I 


I'M. 

charKf. 

S-i.  II. 
''.  15(1 
■'.475 
'1.475 
•'.475 
''.475 

'1.475 
''.475 
''.475 


102  '» 

«'.  (50 

102 -•» 

''.  (50 

102'' 

■'..(50 

1 02   ') 

V ,  ,)5(l 

102  1^ 

''.J.50 

''.475   I  KM. 2 

".<>00   I  KM   2 

''.ft'HI   1  KM. 2 

'>.<*»>  !  KM,  > 

•'.h(K)   I  KM    < 

''.M8I   I  KM- 2 

'I.IMO   I  101-2 


A(IRU»t. 

I  ('.nunc  I      I 'is- 
jHi'iijIit   I  thariii-. 


K.'.-t. 

KM  2 
I  10.1-2 
I  KM  2 
;  KM  2 
i  KM  2 
i 

j    KM  .  2 
I    101-2 

KM 


''.ft(HI 
''.(lOO 
''.WKI 
''.h(K> 


KM 
l(M-2 
KM   2 
KM   2         9. 
KM   2         '). 

101  2 
101-2 
101-2 
KM -2 
KM -2 
KM   2 


KM -2 
KM  2 
KM -2 
KM  2 
KM   2 


SciitfOllMT. 


I. -I  I. 
.725 
.725 
.725 


725 
;25 


'>.725 
''.725 
''.725 
'',"25 
".72S 


103-2  '  ■'   7'5 

10,i   2  I  ".725 

KM   2  ')   725 

KM -2  I  '<   725 

KM   2  '■■  9.725 

l(M-2  i  '».7'5 

10,1.2  I  1   ;>5 

KM    2  I  ■'   7'5 

KM   J  j  i),7j5 

KM   2  I  9.725 

lOi-2  !  M,72S 


<ia(t|{i* 
ll.iaht 

K.-.t. 
KM  I 
KM  1 
KM  1 
KM  1 
KM    1 

KM  I 

KM  I 

KM  1 

KM  1 

KM  I 


IJis-         li.lilftC  I       1)1.. 
<^MarKi>    lll.-iulil      i-h.iriic. 


KM  I 
KM  1 
KM  1 
KMl 
KM -I 

KM  I 
KM-l 
KM  I 
KM-l 
lOJ-l 

KM  1 
KM  1 
KM  1 
10.1  I  I 
10.1-1 


S<-<  -11. 
9.  Mill 
'l.ftdd 
9  ftlMl 
'>  ftOO 
'<    MKl 


l-.-.-r. 
KM  1 
KM  I 
KM  I 
KM  I 
KM    1 


25 

KM    1 

9    ftlKl 

25 

KM    1 

9.h(»l 

25 

KM    1 

9.ft(KI 

2  5 

KM    1 

9   6011 

25 

KM    1 

9.ft(HI 

9.ft(m  .  KM  1 

9.fi(KI    I    KM    I     i 
9.M8I        KM    1     ' 

'i.ftiMi  i   KM   I   ; 
9.(i(Hi     ni,(  1  I 

KM    2  i 

102    5  I 

102    1  I 

;    102   I 

I    1(11  <>  I 

9,«l(l  :  101    ;  I 

"   (1(1(1  1(11     5 

"6(1(1  1(11.  I  i 

9.M)(I    ]  KHI  9  , 

9.6<«l    I  100. M  i 

'I    <M\  :  1(10   .s    j 

9.6(H1  ;  KMl    1    i 

9.(S<8I  !  1(M|.8    : 

9.ft(Hl  '  KMl. .I 

9,600  i  1(8)   K    ! 


'KIM) 
9.h(Kl 
''.6(MI 
9,ftlMI    I 
9,h00 


IIMI  r. 
KMl. 8 
KKI  S 
KHI  K 
KMl  8 
100-8 


Sit.  II. 
')  MM) 
'',ft(N) 
'l,WMI 
9,6(MI 
9 .  MM) 

9.600 

'  WMI 
■'  '.(Ml 
''"(M) 
9    6(M) 

'»  725 

8.85« 
8.4UI 

8,4in 

8,190 

7  9,-0 
7,760 
7,  160 
7,160 
7.070 

7,07(1 
7,07(1 
7.070 
7,070 
7.07(y 

7,070 
7,(1.0 
7  (170 
.  .".U 
7.070 
7. (TO 


NiilE  -  H.-low  K-iiiKi-  hriBiit  102  50  the  rulin 


8  curvp  is  not  wi-ll  i|i-fini'd. 


'  V 


1 

102   5 

8,850 

KM   5 

10,100 

- 

1                   1                1 

102    7 

9,  KMl 

KM   5 

10, 100 

-    •         -I ' 

102    7 

9.  KMl 

KM    5 

10,  KMl 

1    

102-7 

9.  KMl 

KM   ft 

10.225 

102   7 

10!   8 
102   8 
102   8 

9.  KKI 

9.225 
9,225 
9,225 

KM  6 

10.1- ft 
KM -ft 
KM  ft 

10,225 

10,225 
10,225 
1(1   225 

.;■■•: 

6 

9.975 

lU.l    4 

102   8 

9,22-- 

KM  ft 

to    "5 

.     ,  .  ,      1 

102   9 

102    9 
102    9 
102    9 

9..1i>| 

■  ,  t^d 

■  ,.i,5(i 

ij    (,';(i 

'.M    ft 

I  ■(    6 
iO.i    ft 
KM -6 

10.225 

10,225 
10,225 

11 

12 

n 

101    1) 

7.260 

10,225 

1    ■  . 

14 

KM  (1 

",i;i 

KM    6 

111     "5                        1                       i 

1     ... 

IS 

KM    1 

'.'.Mm 

KM   6 

1(1     1  '5    i                                           1             ■  "                                                !-'--! 
1       ■                                    ,     KM     1    1      9,975    1                    1 

16 

KM    1 

9.6(M1 

'(Ml 

1(1    KMl    1                                                                                                                                 1                    i 

KM    1 

'I.60O 

KM    5 

'o.  KMl 

KM   2    i      9   723   1             '    !    '                                                                    :               ,  . 

'l.MMl 

KM   5 

10.  KKI 

KM   2 

■'.  725 

KM    5 

10.  KM) 

■    ■      1             ■    -j    ■       .       1    ,,, 

KM   2 

9.725 

KM    4 

9.975 

-■■•--■                .... 

■                                              ;    1".*   S          10   4  7.5 

21 

ini-2 

''      -''    i 

KM    4    i 

9.975   i    Kl.1-2 

«j    :  >;;                                                                                  i                  ' 

21 

9    X50    j 

1014 

9.97  5    j                                                                                 ■  ■; 

IIH    ' 

9.859    1 

lli.l    »   1 

9.975   ; 

24     i 

KM-  ( 

9.850    1 

KM   4   j 

9. "75 

2  5     1 

KM   .1 

9.8.50 

1 

2ft     i 

KM    t 

9,85(1 

1 

27     j 

KM  .) 
lO.f    <    . 
10,(4   ! 
lOJ   5 
KM    5 

9,8.50   : 
9,975 
9.975    1 
lO.KM) 
I0,1(K) 

^  '  .  -    .  i 

.    t 

!n  i    '         tJ    ;  ■' 

•     i     -                                           i(M                9    T  'N    i 

:   i(H    '        •i,7j5 

28 

2>l 

.10 

,11 

~ 

' 
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Table    ^(>.     naily  l)isiharv^e   of  the    I'inai^a  Channel  of  the    \\'iniii/>e'^  Hirer  at 

i'oHlrot   Dam     ('uiiiiniUMl. 

IMU. 


Dsv 


Jn 


Jilv. 


<...iif       ln»-        K.tuiii-  I     l»i«. 

MilhfHt    i  i!iatit<v       llt-lKht    I  tli.irtir. 


lot   oti   I    |H   .MHI   , 


II 
IJ 
H 
It 
15 

u. 

17 

IS 

I') 


II  .11      I"  ll"l 


l"*!!. 

l>iy. 

M 

ay. 

J. 

lie. 

July. 

.\uau-l 

>*';'lenit".f. 

(  1.  H 

li-r 

li.iu 

«(.* 

Ui^ 

t».»Ui;f 

1)!-. 

(taunt-  1 

Di, 

Gauy.   ; 

1)1. 

(iaum- 

Ol- 

(..IMU.. 

|)H- 

llM« 

.1 

chiitK'". 

ll4ni$ht 

.  IlJtifr. 

liL-mti! 

chalut-. 

llrivlll    , 

vliiircv. 

Ih'Ulil   , 

.  Ii.ir,:.., 

llflHllt. 

itiargi'. 

F.-. 

I 

h-n  -li. 

1-L.ft. 

S.,  .  11- 

I-.-.1. 

S.,     II 

l-Vi-l.    ' 

Sec. -It, 

I'V-tt     ' 

•>••■  -11 

|7,..,    ; 

V    ,  11. 

1 

Iilj 

-Mf 

«  .  .>IK» 

im  s'l 

10   MKI 

I01.7< 

10,11X1 

1(11   t( 

10    O  Ml 

1|(M     1(1 

■1    MI'I 

2 

1..J 

jn 

s.  MHI 

nil   no 

HI  Mm 

IOl  ;i 

III    tlKI 

Kit    1.1 

10   OIHI 

1|(M     HI 

'>    f.(NI 

1 

1(1.' 

jn 

X.MH) 

ini  'M 

HI    lAHl 

I'll    1. 

HI  lim 

lot     (. 

•1    'Hi 

KM    11. 

'1    '.OO 

t 

liij 

.'i' 

>*.5(H» 

liii  -11 

HI   iMKi 

KH    ,1 

HI,  ino 

KM  t; 

'J    'KKt 

'KM    11 

•1    (.(10 

1(1-' 

*n 

X.f.MI 

liK    'in 

HI    MKI 

IOl   6<J 

10,  Kill 

101     to 

'J    'HO 

Mot  U' 

.).;so 

, 

KIJ 

-ic 

** , ;  -Mt 

im  '11; 

',11  r,ilo 

IOl   ft^' 

10    loll 

Hll    .'1 

'1    X'.ll 

MlH    0-' 

'J,  5>0 

HI-' 

■'(I 

K  ,H>lt 

lot    -HI 

HI    ftlMI 

KM  h(l 

lo     '111, 

HM    ." 

•1    >*.;(( 

KH    IH 

'),  sso 

M 

HIJ 

411 

X.7S(I 

111.  ...1 

HI    MMl 

1111    r.^' 

I.I    lOO 

IIM     '1, 

•(   son 

Mot  .1' 

'1     .5(1 

4 

1(1.' 

■4U 

?».;sit 

nil    ., 

In   r.iKl 

101    <  ^ 

1(1,  ioo 

I'll    ,'1 

•1    .  ^o 

KH    |o 

'1    (.(II 

lu 



.;". 

10  1      'll! 

1(11   -H7 

Hi  um 

III    r..|.| 

loi    6-1 

HI,  1(H> 
1(1    i.hl 

111'     '. 
MH    .'(. 

'1  ;  ^'1 

')    7^0 

Mill    II. 
'KH    1- 

'IMO 

It 

'll.iO 

li 

:.■ 

KH   ti^ 

10     100 

101     .'N. 

Hi   (..«. 

111,1  (..' 

111    loo 

KH    .'( 

''     7  511 

lOl    1 

",0S0 

It 

nil  J,- 

11)    iOl; 

Iiil   gi 

Hi      i"i 

101  5'j: 

111  .'no 

KH     17 

'1,  70O 

■KM    l' 

'1   f.SO 

It 

;    liii  (. 
.Mil'   ;. 

III    <i:!i 
III    too 

IOl  'j: 

IOl    '/ 

Hi    ,<»> 
til    .  1 II 1 

KH    5'1 
I'll    ^'i; 

HI  .'(HI 

10    .'do 

IOl    1  = 
KH     1- 

0   ()10 

"1  (,>n 

>KM    Jl. 
KM    JO 

'1    7  SO 

15 

'1  :  s(i 

II. 

i|ni  ;i 

1    to    llMl 

KH    ■!■, 

HI   r>iiO 

KH    ■-'! 

HI    .MKl 

I'M    K, 

'1  (.'1(1 

■KM    ,'tl 

'1,  750 

17 

'im  ;. 

111,  ilio 

Hli  •«. 

loi.lrtl 

101    5'; 

111    .'iMl 

1(11    1  1 

•Ml '.(I 

'KM    -'1 

'1    7  so 

!«< 

1  Kn  ;  = 

HI    IlKl 

loi  -: 

1(1   f.ito 

KH    V> 

Id    -'(11 

KM    1  1 

'l,foO 

Mill    .'I 

'J.  7  5(1 

VI 

1     IIM    Ml 

1.1    ;iHI 

loi    -5 

10,  lOo 

KH    i.v; 

Hl.-'IM 

KM    1,' 

';  (.so 

KM    iO 

'1    7  SO 

Jll 

10  (..K( 

111    ^iMl 

10  1  .*: 

ID    f.i'll 

KH    57; 

|;i  .'1 1 

KM. II! 

■»    (.'HI 

Mill    -". 

'1 ,  7  511 

.'1 

I'K    .HI 

1   :o  >ito 

|.;i  x; 

11'   f.Kl 

1'    '     ^. 

1(1  -'(I'l 

1:M    H 

'1   ',:i  1 

'KH    is' 

'l.r,5ll 

HUM 

1     lO.-IMt 

ii';  M 

'0    >IH1 
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(I'd/C'C  N'trlii.il  stall.  l'r»'\ii>u-<  In  Jlllli'  I'l.  I'M-',  u.iliut'  llriKllI-  wrrr 
■  ilit.iirifil  fniin  IJU'  Oiii.irio  I  >c|iarinu'iil  <if  Ptililic  \\iirk>  \'\\v\  wvrv  ri'lrtnil 
l>>  a  I  li.iiti  K-iiiK*'  liH.il'-il  ill  llic  t.iil-rai'c  of  null  A.  I.aki'  nl  ilic  W'ihhIs  Milling 
Cii  .  Ki'i'watin.  I  >ii  iIh-  .iIhiM'  dale  a  k-i<>K>'  ^^'I"  i  slalili>lir<l  l>\  llic  Maiiilolia 
ll\i|r'p^;ia|»liii    '>tir\f\  <>ii  (he  irallii   l)riil>;c  lii  l'>u  Kirwaliii. 

Chiimiil.      I'triiiaiiciil.  lurk 

/hsihiinif  rniii\iin'iiiinh  IHstliar^i^  iiira-nriTiuiil^  lur  ilir  |iur|M>si  -  nl 
ralillK  llic  •.t.ilidii  lia\t'  Ihcii  iiukIi  -Iiik  I''I.'  al  a  miiIuii  I  mile  litliiu  i|ii 
^lali'Mi,  nil  llic  iKir'ii  siiji'  <i|  Tiiniu  I  islaiiil.  Ii\  llii  Manil<'l>a  lis  ilr<>ura|ilii( 
SlllM\  . 

W'lHlrr  l-'low.  I  )i-.(liar^;i'  lilca>linilH'lH»  ilii|i(  al<-  lliat  llu  <;  "  li  u  ai.  i  i|i»- 
cliarnr  curxc  i-  a|p|ili(  alilf  during  v\iiili  r  iiI'MiiIi^ 

(I'llfrdl.       Ihc  IImw    i,  idiiir- illi  i|  li\    llii    n|MraliMii  ul  iln     \i.iiiiaii  ilaiii  aii<l 

I  In-  I  .ikc  (i|   I  ill-  \\  I  i(i(|~  Milliiii;  (  iiin|)  iin   ~  |Hi«  (I   |ilaMl-  Si  .me  t .'  iiiil.  -  dnw  ii- 

-inaiii  lliiiii  till-  -LitiiMi  llif  ii\ii   linak-  iiihi  Iw  iiairow  rliaiiiM-K,  niir  llirniiyli 

iIh-   I  ).iili~  and  line   llir>Miv;li     IIiumI    lapiiK,   Imlli   a(liiin  a-   pariial  cuiiKnU  tin 
llii-  di^i  liai^iiii;  lapaiilv    ul    ilu-  liscr. 

.1(1  II  nil  y.  I'lif  i-.timaird  dail\  di^c  Itaruf^.  a>  taKiiI  ili  d  liipiii  I ''07  ii>  )'»!  .'. 
.ire  li.i-.rd  DM  K'"iK'  liiiiilil--  hiriii-lucl  l)\  lln-  ()riiari'i  I  )i|iarl  iiunl  iit  I'ulilii 
\\iirk>.  I  lii'M'  riioril-  ,iif  ai  liim^  in  i  iimt-.  ami  lln-  i  ninalid  di^i  liai^;f^  arc 
llunlun    -[iliji  (  I  til  lorri  I  li'iii. 
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Table  5fi.-— Total  Daily  Discharge  of  the  IVinnipeg  River  at  Outlets  of  Lake  of  the 

'.Voods,  Ontario. 

...      ,   ^'""■■- ~  Till'  run  off  dat.i  for  this  station  may  be  .-liijlitly  revi.i-.l   when  the  investigations  of  the  Lake  of  the 
Woods  !»■«  fmiL.il  lio.ir<l  are  comi'It'tecl. 

[Drainaitf  area,  26,HHt  S'luare  mitf^.\ 


Day. 

January. 

Fchruary. 

March, 

Aj.ril, 

May, 

June. 

( i.iuse 

Dis- 

(iaUHe  I      Dis- 

(iauge 

Dis- 

tiauge 

Dis- 

(lauge 

Dis- 

lleiBht. 

charge. 

Ilei)iht, 

charge. 

Height, 

charge. 

Height. 
Feet, 

charge. 
.Scr.-ft. 

Height. 
Feet, 

charge. 
Sec.-ft. 

Height. 

charge. 

Feet. 

Scj.-ft. 

Keet. 

Scc.-ft. 

Feet. 

-V-c-ft. 

Feet. 

Se<-,-ft, 

1 

u.osn 

1 1 , 530 

10,980 

10,100 

10,430 

11,420 

li.OSO 

ll,5,iO 

10,980 

10.100 

10,4.(0 

11,420 

.J 

12. (WD 

11,530 

10,980 

10,ll«) 

10,4(0 

tl.4.'0 

4 

12, UNCI 

11.420 

10,980 

10,100 

10,4,(0 

1 1 , 530 

5 

1 1 . 860 

11.420 

10,760 

10,100 

10,540 

11,640 

6 

1 1  ,  SW) 

11,420 

10,760 

10,100 

10,510 

12,740 

7 

11  .«6I) 

11, 420 

(0,760 

10.100 

10,760 

13,1 80 

X 

1 1  .  »6I) 

11,4.'(( 

10,760 

10.  i>(l 

10,760 

13. 2W 

<) 

1 1 , S60 

11  .31(1 

10,760 

10,320 

10,870 

1 3 , 4(K) 

10 

11.H60 

11.310 

10,760 

10.320 

10.870 

13,400 

11 

ll.)(60 

11.310 

10,760 

10,320 

10,980 

13,7.(0 

12 

1 1 .  S60 

11,31(1 

10,760   j    

10, 320 

11,090 

14,060 

l.< 

1 1  .  HM 

11,310 

10,760   1    

10    (JO 

11,310 

1 4 . 2,S0 

14 

1 1 , SOO 

11,310 

10,760 

10.  vM) 

11.420 

14,500 

15 

11.860 

1 1 . iOU 

10.760 

10,320 

11.420 

14,500 

16 

11,S60 

1 1 , 200 

10,760 

10   320 

11,5.10 

14,720 

17 

11.861) 

11,200 

10.760 

10,320 

11,420 

14,720 

in 

11,860 

11    200 

10,650 

10.320 

11.420 

14,720 

19 



11,860 

11,090 

10,650 

10,320 

11.510 

14,8.(0 

20 



1 1 , S60 

11.090 

10,540 

10,320 

11.530 

14,940 

21 

11,860 

11    090 

10,540 

10,320 

1 1 . 640 

14,940 

22 

11,640 

1 1 , 090 

10,540 

10.320 

1 1 , 640 

14,940 

23 

11,64(1 

11,(190 

10,540 

10.320 

11.640 

15,160 

24 

11,640 

11,090 

10,430       ..    . 

10  320 

11.640 

15,160 

25 

11,.S30 

11,090 

10,430 

10,320 

11,640 

15.160 

26 

11.530 

10,980         

10.320 

10.320 

11,420 

15,160 

27 

1 1 .  S.fO 

10,980     

10,320 

10,320 

11,420 

15.160 

28 

1 1 . 530 

10,981) 



10,320 

10,4,iO 

11.420 

15,160 

29 

1 1 , 530 

10,210 

10.430 

11,420 

1 5 . 380 

30 

1 1 . 530 

11.420 
11  4;o 

15,380 

31 

1 1    5  10 

10.100 

■::.:;:i 

July. 

.\ugust. 

Septemljer. 

Octrber. 

November, 

December, 

1 

15,160 

1 2 ,  7  to 

15,054 

19,687 

21,466 

20.347 

2 

15,160 

12,520 

15,287 

19.797 

21.477 

20.4(9 

14,940 

12,.((K1 

15.494 

19,687 

21,447 

20,386 

4 

1 4 , 940 

12., 100 

15,494 

20,127 

21.227 

20,290 

S 

15,160 

12,520 

15,714 

20,127 

21.243 

20,277 

6 

14,940 

12,520 

15,824 

20,347 

21,451 

20,164 

7 

14,940 

12.(0(1 

15,934 

20,. (47 

21.469 

20,183 

8 

14,720 

12,, (00 

16,154 

20,347 

2 1 , 459 

20,127 

9 

14,720 

1 2 ,  .1(10 

16,044 

20,581 

21,258 

20.164 

10 

14,720 

12,080 

16,044 

20,581 

21,241 

19,9.16 

11 

14,500 

12,080 

16,154 

20,691 

21,247 

19,988 

12 

14.060 

12.080 

16,264 

20,787 

21,028 

19.878 

H 

14,(I60 

1 2 , 300 

16,264 

20,787 

21.480 

19.755 

14 

14,060 

1 2 , 080 

16,484 

20,787 

21,480 

19.794 

15 

14.060 

12,300 

16,581 

20,787 

21,461 

19.674 

16 

14,060 

1 2 ,  (00 

16,814 

20,787 

21.477 

19,520 

17 

14,"- 

12,080 

16,801 

20.801 

21,227 

19,574 

18 

14,(J(io 



12,520 

17,131 

20,897 

21,241 

19,526 

19 

14,060 

12,520 

17,254 

20.897 

21,020 

19,4.(8 

20 

13.620 



12,<>6() 

17.254 

2 1 , 007 

21,040 

19,410 

21 

13.620 

13,721 

17.571 

21,007 

21,034 

19.4.(9 

>» 

13,400 

13,721 

17,914 

21.0:)7 

20,827 

19.250 

2i 

13,180 

13,941 

18,341 

21,227 

20,810 

19,. 198 

24 

13,180 

14,149 

18,574 

21,22" 

20,677 

19,379 

25 

13,180 

13,954 

18,794 

21,227 

20 , 590 

19,307 

26 

13,180 

14,284 

19,247 

21,328 

20,374 

19,307 

27 

13,290 

14.601 

19.247 

21,461 

20,374 

19,399 

28 

1  I   40(1 

14   7.>4 

19    ('7 

21,417 

20,.i71 

19,,i,W 

29 

13,4(10 

14,834 

19,687 

21,567 

20,372 

19,202 

30 

13,180 

14,834 

19.687 

21,672 

20,385 

19.379 

31 

12.740 

14,821 

21.447 

19.376 

1 
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Table  58. — Total  Daily  Dischari^e  of  the  Winnipei^  River  at  Outlets  of  Lake  of 

the  Woods.  Ontario.    Continufd 


Day. 


1 

2 
,i 

4 
5 

6 
7 
8 
9 
10 

It 
12 
I.I 

14 
15 

16 

17 


21 

22 
2J 
24 
25 

26 
27 
28 
29 
30 
31 


January. 


GauKe 


nij- 

cJtarKf*. 

Sec.-ft. 

19.27« 
l«..«)^ 
Iv.VJS 

19.. (Oil 
19.241 

19.34^ 

19.. «» 
19.325 
19,327 
19,347 

19,418 
19.234 
19.414 
19.404 
19.261 

19.267 
19.261 
19.277 
19.247 
19  2.S0 

19.261 

19  045 
1  u.so 
1  044 
l,s.944 

18,917 
18.942 
18.829 
18.8.i4 
18.913 
18,830 


Febru.»r>'. 


GallKe 
llcijjht. 


rharue. 

S^-i.-ft. 

1 9 .  002 
18.870 
18.870 
1 8 ,  892 
18.780 

18.670 
18,671 
18,434 
1 8  , 4 1  ,f 
18,4,«) 

18,4,10 
18.320 
18.321 
18.319 
18.321 

18.193 
18,193 
18,101 
18,1(8) 
18, 102 

18,102 
17. 8X2 
17.,v63 
17,NS0 
17,683 

17,687 
1 7 . 468 
17,468 
17,262 


Match. 


(iaiiRe  I      Dis- 
charKe. 


llliKht, 

Flit. 


S,.,.-fi. 


.0,  ^ 
.078 
.286 
.288 

.  385 
.  382 
.597 
.  597 
.710 

.714 

.707 
,597 
,607 
,487 


Ajiril. 


1 7 , 499 


1 7 . 492 

I  17.487 
17,377 
17,377 

17.377 
17.267 
17,281 
17,171 
17,207 

17.171 
17.061 
17.001 
I7.IH1I 
17.061 
16.951 


cti.irKP. 


SH:.-ft. 

16.95; 
16.951 
16,841 
16,841 
16,841 

17,061 
17,091 
17,091 
16,951 
16.841 

16.S41 
16,841 
16.841 
16.841 
16.841 

16.841 
16,841 
16,841 

16.855 
16,855 

16,855 
16,855 
16.855 
16.855 
16,855 

16.965 
16.965 
16,965 
16,965 
16,951 


.May. 


GauKc    l)ts 
lU-inlit.  ch.irKi'. 

l'1-.rt.   Sec. -ft. 

16.855 
16.841 
17.075 
17,061 
17,061 

16,951 
I7,IK,1 
17,(K)1 
17,(Kil 
17,171 

17,391 
17,515 
1 8 ,  Wi5 

18,285 
18,395 

18,395 
1 8 ,  ,195 
18,615 
18.850 
19.071 

19.070 

19.275 
19.29(r 
'9.275 
1 9 . 290 

19.7,iO 
20,170 
20.4(Ki 
20,846 
20,940 
21.066 


Jul..-. 


(i.iUK.- 
llriKl.t 


DiH- 

rharKe. 

St.  ft. 

21 ,050 
2  I , 066 

.•1 ,  :hi, 

.'I  ,  ^IWt 
22.166 

•  ,'66 

.'84 

2., 961 

2i,064 

2  1.061 

2^,.^81 
23,721 
21,721 
2  1,911 
21,504 

23,504 
21,281 
2(,2S4 
2  1 ,  (K,4 
23,061 

23,064 
22,844 
22,844 
22,844 
22,  ••14 

22,024 
22.024 
22.624 
22.642 
22.042 


11 

12 
13 
14 
15 

16 
17 
18 
19 
20 


2i 
24 
25 

26 
27 
28 
29 
30 
31 


July. 


22.624 
22,404 
22,404 
22.195 
22.194 

22.404 
22.404 
22.624 
22,184 
22,404 

22,404 
22,184 
21 ,964 
2 1 , 964 
21.744 

21,744 
21.524 
21.524 
21.524 
21.634 

21.744 
2 1 , 304 
21,,«I4 
21,.i04 
21.541 

21.304 
21,084 
21.084 
21.084 
21.084 
21,085 


AURUSt. 


20 ,  884 
20,864 
20,754 
20,877 
20,653 

20.647 
20,428 
20,661 
20,644 
20,429 

20,323 
20,314 
20,213 
iU..i2i 
20.3.50 

20.2.14 
20.428 
20.429 
20.645 
20.4.10 

20.218 
20,213 
19,984 
19,987 
20,(K8) 

19,801 
19,783 
19,565 
19.7.86 
19.769 
19.575 


SepLembcr. 


19,370 
19,317 
19,110 
19,128 
18,872 

1 « ,  .>i63 
1.x,  851 
1 X  ,  (i39 
1 S  fi,t,S 
1 V .  (,34 

IS  412 

lM..f97 
18, 180 
IX, 199 
17,973 

17,983 
17,981 
18,200 
18,013 

17.755 

17.740 
17.941 
17.735 
17,516 
17,527 


1 7 ,  29,- 
17,.")  5 
17,528 
17.520 


17.320  14.470 


17. (.61 
17.061 
16.884 
16,858 
1 7 . 066 

16,855 
16,415 
16,201 
16.455 
16,463 

16.449 
16.234 
13.381 
15.356 
15.148 

14,714 
14.9,vl 
14,879 
1 4 , 666 
14,694 

14.675 
14.907 
14.911 

14.925 
14.087 


14.472 

14.469 
14.253 
14.25S 
14.202 


November. 


14.013 
14.041 
13.924 
13.926 

13.813 


December 


13.814 
13.827 
14.(Kt7 
13,796 

13.822 

13.601 
1 3 ,  6<H) 
13,607 
13,494 
13,353 

12,931 
12..5(KI 
1 2 , 266 
11 ,826 
11,826 

11, Sin 

11,562 
1 1 . 594 
1 1 . 596 
1 1 . 599 

11.820 
11.6(K) 

n  ',02 

11.571 
11.600 


1 1 . !64 

11.379 
11,168 
11 ,180 
11,222 


144 
oil 

800 


575 
572 
2  70 
,(50 
149 


10. (54 
10, 154 
10,582 
10.137 
10.118 

10,353 
10,  m 
10,328 
10,317 
10,315 

10,320 
in,. 103 
1«, =22 
10,316 
10.320 
10.343 
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Table  58. — Total  Daily  Dischar<>_e  of  the  WinnifM'^  River  at  Outlets  of  Lake  oj  the 

Woods,  Ontario     (Oniiiiuwi. 


Day. 

Jnnuar>-. 

February, 

March. 

A.nril. 

May, 

June. 

C.auge 

llliKllt, 
Fett. 

ni»- 

charKC. 
Si-c.tt. 

(•aUHO 
lli'iKht 

Di«- 
charge. 

(laUKc 
IlL'iKht. 

ni»- 

chafKt'. 
.1l-c,-ft. 

(iaURp 
Hi-iKllt. 

Di-.- 
charKe. 

r.anae 
Height. 

Ui.i- 

charge. 

('..illKe 
lU'iKllt 

Ui 

charKe. 

Ffct. 

.Scc-ft, 

Feet. 

Fc>-t. 

S<-c.-ft. 

Fift, 

Sec.-ft. 

F'eet, 

Sec.-ft. 

1 

2 
.'i 
4 

5 

10,360 
10,360 

10..i60 
10.3()0 
10.140 

9,542 
9,481 
9.  WW 
9.919 
9.957 

10.549 
10.528 
10.745 
10.7.10 
10.780 

11,095 
11,021 
11,007 
10.757 
11.082 

10.446 
10,163 
iO   '15 
10.„15 
10.718 

1 1 . 7.10 
11.940 
11.951 
11 .986 
11.743 

6 

H 
') 
10 

10.140 
10.211') 
10.  IW 
10.239 
10.194 

9.754 
9.701 
9.819 
9 .793 
9 ,  848 

10.722 
1(...591 
10.761 
10    (48 
10.824 

11.229 
11.101 
11.026 
11.011 
10.807 

10.754 
10.684 
10.405 
10.357 
10.625 

11.515 
11 .935 
11.931 
11  974 
11.732 

11 
M 
l.i 
14 
15 

10.139 
10.241 
10.247 
10.238 
lu. 233 

9.848 
9.H75 
9.915 
9,812 
9.938 

10.803 
10.695 
10.716 
10.777 
10.998 

10.812 
11,171 
11,323 
11,316 
11.304 

11.050 
11.010 
10.920 
10.967 
10.9,50 

11.516 
1 1 . 503 
11.294 
11.714 
11,725 

16 
17 
IX 
1<) 

i« 

10.229 
10.169 
10.178 
9.9.?5 
9 .  693 



9 .  898 
10.131 
10.123 
10.307 
10,328 

11.074 
11.047 
ll.(MI8 
10.987 
10.957 



11.265 
11.025 
10,571 
10.610 
10,788 

10.544 
10.884 
11.129 
1 1 . 286 
11,589 

11,730 
11,735 
1 1 , 739 
11,892 
1 1 , 729 

21 

22 
2,! 
24 
25 

0.714 
9. 7(K> 
9.698 
9,475 
9.490 

10,137 
10,316 
10,, 108 
10,401 
10,397 

10,980 
11.119 
11.127 
11.1.19 
11,142 



10,805 
10.889 
10.873 
10,857 
10,058 

11,577 
1 1 , 566 
11.210 
11.321 
11.717 

1 1 ,  70 1 
11,674 
11.931 
11.931 
11,924 

26 
27 
28 
i9 

9,465 
9.476 
9.514 
9.. 52  7 
9.561 
9.516 

10.. 597 
10.509 
10.. 507 

11.143 
11.128 
10,968 
1 1 , 066 
11.016 
11.101 

10.421 
10.706 
10.370 
10.423 
10.437 

11.495 
11.507 
11.510 
11,735 
11,, 545 
11,723 

11,711 
1 1  ,  50'1 
11 .931 
11.921 

,10 

11 .918 

.il 



July. 

August. 

September. 

October. 

November, 

December. 

1 
2 
3 
4 

5 

11.7.111 
11.9; ■ 

11,9-  < 
11.71, 
1 1 , 939 

11,726 
11.737 
11.914 
11.713 
11,713 

11.756 
12.015 
12.123 
12,059 
11,737 

1 2 . 439 
12.206 
11.852 
12.123 
12,411 

1 1 , 735 
12.064 
12,190 
12,1,54 
12,139 

12.158 
12.172 
12.174 
11,884 
11.613 

6 

K 
<) 
10 

....... 

11.716 
11.711 
11.9.14 
12.050 
12,0()8 

11,562 
11.725 
11,290 
1 1  .  689 
1 1 . 694 

11.758 
11.718 
11.787 
11.690 
11.697 

12.222 
12,227 
11.856 
1 2 . 036 
11,852 

12.116 
1 1 , 639 
11,842 
12,1116 
11,869 

11.970 
12.120 
12.133 
1 2 . 045 
12.050 

11 
12 
13 
14 
15 

11,731 
11.721 
11,9.10 
1 1 , 946 
1 1 , 953 

11,742 
1 1  .  66.1 
1 1  . 3.^9 
11.539 
ll.SlW 

11.864 
11.749 
11,586 
11,602 
11,928 

11.3,52 
1 1 . 609 
11.839 
1 1 . 839 
12.043 

11,920 
12,1,18 
1 1    98'> 
11,672 
12,112 

11,900 
11.546 
11.836 
11,9.10 
11.982 

16 
17 
1« 
I't 
20 

11.950 

11,954 
11.729 
11,918 
11.930 

11,683 
11.914 
11,897 
1 1 , 834 
1 1 , 506 

14.. 
12 

913 
.  1 . 736 
12.108 

12.079 
11.429 
11.524 
12.074 
12.100 

12.110 
12.162 
12.141 

12.135 
12.035 

11.973 
11.1)65 
11,812 
1!.614 
11 .853 

21 

22 
2.t 
24 

25 

11.929 
1 1 . 739 
11.751 
11.935 
11,718 

1 1 .  539 
1 1 . 499 
11.772 
11,773 
11,980 

11.915 
11.931 
12.032 
12.202 
12,450 

12.327 
12,132 
12.335 
11.853 
12,069 

11,719 
12,004 
12,136 
12,125 
12,195 

11.953 
11.928 
11.967 
11.957 
11,605 

26 

28 

11.912 
11,919 
1 1  ,  <)()•( 

11,975 
11,978 
tl     775 

11.827 
11.963 
12.214 

12.. 109 
12,122 
I  >   ORft 

12,239 
12,183 
11,710 

11.5,10 
11,819 
11.077 

2') 
30 
31 

11,751 
11,751 
11,763 

11,727 
11.5.16 
11,534 

12.229 
12.227 

1 2 . 080 
1 1 . 904 
11.626 

12,012 
12,112 

11.982 
11.974 
11  967 

U'iniiif))-^  River  I'ourr  a  ii.   '•'    ^it;r  Imr.^ll-ulion.s. 


4.^5 


Table  58.  — Total  Daily  Disrlmrae  of  /.'.•.  ,/>,•!-  River  at  Outlets  of  Lake  of  the 

Woods,  Oiila'.o.        (iiitimicd. 


1<»10. 


Day. 


1 

2 

.) 

4 

s 

6 

7 

9 

10 

11 
U 
l.f 
14 
1.S 

16 
17 
IK 
1") 
20 

21 
ii 

.M 
J4 
25 

2ft 
27 
2S 
JM 
,!0 
Jl 


II 
12 
IJ 
14 
15 

16 
17 
IX 


21 

22 
2.) 
24 


26 

27 
2K 
2V 
.10 
31 


January. 


CiatiRe 
llciiiht 


Uis- 

char«e. 

.Set. -It. 

1I.84X 
1 1  .  ft  16 
1 1 . UOA 
I2.mt<) 
12.001 

tl.«77 
11.552 
11.656 
11.424 
1I.6J0 

1 1 . 706 
1 1 .  7M 
11.740 
11.719 
11.4N8 

II,. 156 
1 1 . 546 
1 1 .  70 1 
11.685 
1I.7U8 

1I.6W 
11.607 
1 1 .  ,140 

11.558 
11.675 

11.676 
11.64,1 
1 1 ,  66.1 
1 1 , 562 
11.. 127 
11.575 


Di.- 

1  (rauile 

rharKi'. 

jlleiljllt. 

.S-c.-ft. 

Rfl, 

11.656 

1 1 .  7ftft 

1 

11 .770 

11.7X7 

1 1 .  7<)4 



1 1 . 565 

1 1 . 761 

1 1 . 750 

11.910 

11.921 

1 1 .  '(02 

11.665 

11.548 

11.7S7 

11.915 

ll.h79 

11    94.1 

! 

11.921 

Marili. 


Aiiril. 


Ois-  (l.iUKI- 

cIiarKc     HfJKlit 

S-i.-ft.   I    l-V.-t. 


1 1 . 889 
11.910 
ll.h04 
11.601 
1 1  . 585 


707 

705 

696 

719 

89t 

5'<6 

.116 

826 

i2 

97  1 

12 

918 

11.784 
11.572 

11,811 
11.915 
11.911 
11,920 
11,918 

1 1 , 704 

11.58  1 
1 1 . 789 


1.1 

142 

11 

150 

11 

.1.12 

11 

,177 

IJ 

109 

11 

408 

1 1 

415 

17 

78,1 

17 

918 

18 

141 

18 

208 

17 

8,15 

17 

980 

18 

259 

19 

766 

20 

402   ! 

1 

Dh- 

rharuf. 

S-..-ft. 

I 

I  20.907 
2I,(8(0 
.'0,854 

'    21,155 

:   21,142 

i   21,487 

:    Jl ,468 

21,496 

21,171 

20,987 

!  2 1  ,  2ft9 

.',  2 1  ,  ft65 

J  21.680 

j  2 1 . 669 

I  21.746 

!    21.6,14 

21.487 

I   21.749 

I    22.191 

22., 158 

I  22,, 181 
22,825 
22.7.15 
22 .  501 
22.770 

2,1.211 
2.1.707 
24.147 
24.81.1 
24.949 


May.      _ 

li.lUKP    I         I)i4- 

lli'iliht      iharK" 


Jiint', 


luue  I 
iuhi 


OU- 
cliargf. 


July. 


20.921 
20.862 
20.745 
20.192 

20,. 175 

20.457 
20,449 
17., 151 
16.525 
16,098 

1 5 , 90fi 
1 5 . 1)88 
15.7ft4 
1 5 . 560 
15.511 

15.,1ft4 
14,952 
15,067 
14,858 
14.664 

14.800 
14,588 
14,574 
14.174 
14,. 140 

14.1,11 
14,. 149 
14. .152 
14.017 
1.1,911 
13.711 


.\UKH-' 


1 1 . 98ft 
11.167 
I4.1'8) 
11,970 
11.970 

II.  IV) 

I  11.722 
I  11.7'I4 
I  11.982 
I  11.760 

1  11.548 


.  .194 

,508 

,419 

95  7 

1)49 

89,1 

671 

785 

455 

189 

195 

253 

15,! 

197 

157 

943 

748 

268 

886 

564 

cnibcr. 

11 

,584 

II 

,  791 

11 

795 

11 

.7.19 

11 

.796 

11 

.811 

\.\ 

046 

1  > 

in> 

II 

9,16 

11 

749 

11 

735 

12 

084 

11 

711 

11 

809 

II 

960 

11 

968 

11 

960 

1 1 

5.19 

11 

919 

II 

822 

U 

8ft4 

11 

881 

11 

6.56 

11 

703 

11 

231 

11 

192 

11 

.162 

n 

671 

II 

640 

" 

441 

1 

II , 115 
10.760 
11 ,160 
1 1 . 145 

II ,488 

11,192 
11.213 
11.1181 
10.561 
10.164 

K).416 
10.428 
10.411 

9 .  983 
9.832 

9.458 
9.766 
10.154 
10.188 
10.026 

9.721 
9.746 
9 .  145 
9.4S9 
9.545 

9.594 
9.542 
•f,5'rj 
9.512 
9  053 
9.329 


21 

.  540 

21 

.815 

25 

.  01 1 

26 

.'18 

'5 

t  t  > 

24 

994 

24 

949 

24 

550 

24 

54ft 

24 

845 

24 

701 

25 

145 

25 

121 

24 

913 

24 

556 

24 

862 

25 

111 

24 

592 

24 

984 

24 

704 

25 

082 

24 

213 

24 

515 

2A 

920 

24 

428 

24 

584 

24 

,14ft 

24 

667 

2J 

MM 

2.\ 

988 

24, 

100 

058 
974 


2\ 
2t 

21, 
2.1, 
21.5 '3 

2  1.724 
23.725 
22.844 
2  2.. 198 
21.740 

21.284 
20.810 
21.111 
21.IH4 
21.125 


2\ 

106 

093 

995 

956 

094 

318 

226 

08  1 

057 

150 

20 . 958 
21.079 
21.417 
21.205 
21.254 


tx-r. 

Deccmljcr. 

') .  3M) 

1         8 . 560 

9,207 

8.584 

9.045 

.        ...           8.335 

8.613 

7.957 

9.121 

8 .  .105 

8.217 

8.437 

8.6,14 

8 ,  .162 

8,846 

.,        .                8.214 

8 ,  869 

...                8.210 

8.957 

i         8.2I'i 

8,1)57 

7    80') 

8.947 

8.04' 

8.478 

.          . ,1         8    1S7 

8 .  645 

8 .  1 6K 

8 .  .X99 

'         8.  1711 

8,868 

!         8    191, 

9.010 

!         8.070 

8 .  996 

7.660 

8.712 

8   085 

8.272 

...      ,       ^.172 

8.654 

8    16') 

8.719 

,         8.170 

8 . 8(8) 

!         8.071 

8.554 

8.094 

8.7'JO 

7.724 

K.o.-;i 
8.720 
8.828 


7.651 
7.818 
7.982 
7.916 
8.005 
7.991 
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Table  58.^ 


%' 


Total  Daily  Discharge  of  the  Winnipeg  River  at  Outlets  of  Lake  of  the 
Woods,  Ontario — Continued. 


1911. 


Day 


I 

2 

i 

4 
5 

A 
7 
8 
4 
10 

II 

12 

14 
I.S 

l» 
17 
18 
19 
20 

n 

ii 
ii 
24 
25 

26 
27 
28 
29 
M 


J.inu.iry. 


<i!llJRe 

llpiiiht 


Feet. 


ctKirue. 


S«'.-ft. 

7.788 
7.987 
8,1188 
8 .  084 
8,(188 

8,nsi 

7 ,  «i).t 
7 ,  .5112 
7 .  8C).> 
7,')85 

;,');(! 
7.988 
7,8.18 
7.987 
7  .SH(, 

7  ,  89  1 
7,970 
7.97.'i 
7.7K4 
7 ,  7h.l 

7,67.i 
7 ,  i.S.i 
7., 181 
7..5.SI 
7.S.14 

7..ii4 
7.160 
7 . 2.S4 
6,886 
6.997 
7.286 


Ffbruury. 


March. 


Fi-et. 


Ser..ft. 

7 ,  .10 1 
7.212 
7,247 
7,066 
6,7.(2 

7.117 
7 ,  269 
7,218 
7,2.(6 
7  , 2  16 

7,241 
6.7!) 
7,117 
7  .  2.(0 
7.204 

7 ,  1 29 
7.187 
6,940 
6,;ii 
7.1).t.S 

7,1.(1 
7,116 
7,164 
7,142 
7,1.M 

6 ,  X 1 7 
7,187 
7,147 


<V:itlKe 
Mt'iKht. 


Fi'Ct, 


Di»- 

char«e. 


.Sec, -ft. 


7,125 
7 , 1 29 
7,140 
7,064 
6,602 

6,i86 
6,829 
6 ,  SX8 
6,927 
6,.S48 

6,4rt 
6,420 
6,424 
6 , 9.S,1 
6,9S7 

6 ,  962 
6,9.57 
6 .  9S4 

6,4.5.5 

6 ,  .589 

7,014 
7.06U 
7,0fiS 
6.9.(7 

7 ,  049 

6,57.5 
6 ,  894 
7,054 
7.047 
6,591 
6,581 


April. 


(i.iUKe 
lliiKht 


Feet. 


Dis- 
charge. 


Scc.-fl. 

8,628 
8 ,  59.( 
8,618 

8 .  864 
9.018 

9,008 
9,114 

8,974 
8,558 
8.845 

9 ,  0<)6 
9,085 
9,201 
9,184 
9,, (12 

S,81.( 
8 . 9  (6 
9,I5( 
9,171 
9 .  292 

9.174 
9,174 

8,806 
8 , 8.(5 
9,144 


9,109 

9 , ;  48 

9,172 
8.695 


I      Dis- 
charjTP. 


Feet. 


Sec.-ft, 

8,747 
9.161 
9,|5y 
9,152 
9.154 


June, 


Oaiie" 
Heiuht 


! 


9,1(HI 
8,6(5 
8.791 
9,116 
9,(K)7 


9 

Oil 

9 

156 

8 

950 

8 

47,( 

8 

558 

8 

9'7 

8 

851 

8 

799 

8 

851 

8 

'M)4 

8 

4.5.1 

8 

(15 

8 

688 

8 

.(75 

8 

.5TO 

8 

27.( 

8 

5.16 

8. 

208 

8,718 


October,        i        November. 


5.806 
5,991 
6,214 
6,015 


6,18,5 

6,196 

6,  (81 

5,7  78 

5,601 

6 ,  029 

6.21.1 

6.016 

6,254 

6,268 

5 .  498 

5 ,  769 

6,2.10 

6,228 

6,062 

6,102 

6 .  065 

5 ,  .149 

5,682 

5,971 

5.891 

S,86f. 

.5 ,  999 

5,924 

• .  1>)S 

5 ,  480 

.1 

5,777 

1 

5.911 
5,919 

.5,745 
5.7  79 
5,112 

5 ,  .564 
.5 ,  907 
5,785 
5.7.16 
5.716 

5,817 
5,272 
5.490 
S ,  749 
5,751 


,106 
496 
,210 
625 


5,65,1 
5.675 
5,617 
5,626 
5,546 

5,14,1 
5. .171 
5 ,  688 
5.;.t.! 
5.800 


Di.. 

charse. 


Sec, -ft. 

8,522 
8,517 

8,75.1 
8,585 
8,657 

9,041 
9,149 
9,172 
9,152 
9.0.18 

8,707 
8.fi62 
9,019 
9,127 
9,1,50 

9,151 
9,160 

8,624 
8.829 
9 ,  .126 

X .  797 

8 ,  540 
9,149 

9,  (74 

8,870 

9,041 

9,. (87 
9.176 

8.747 
8.901 


IJeceliibcr. 


5 ,  450 
5,612 
5,0<(4 
5 ,  46.1 

5 ,  629 

5,680 
5 ,  690 
5 ,  56J 
5,675 
5,078 

5,, 10ft 
5,581 
5,443 
5,666 
5,701 

5,695 
5,19J 
5 .  .184 
5.696 
5.695 

5 ,  669 
5,660 

5  ,  686 
5,165 
5,113 

5,469 
5.714 
5 ,  790 

.5,804 
5,786 
5,288 


Winnipefi  River  Po-urr  ami  .V/oraijc  hnrstit^atinns. 
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s 

S?2 

K 

SI  7 

K 

7Sl 

H 

SMS 

K 

657 

(J 

()M 

'» 

14') 

■> 

i:j 

<> 

1-2 

'J 

i)\S 

S 

707 

>< 

rrfii 

'» 

ni'i 

'( 

ISO 

t* 

S40 

V 

14') 

'^ 

*74 

s 

S7M 

<J 

(141 

t) 

,<M7 

<) 

17ft 

X 

747 

« 

901 

7aWe  5ii.— Total  Daily  Discharge  of  the  Winnipeg  Rtvi-r  at  Outlets  of  Lake  of  the 

Woods,  Ontario     ('oiulmlrd. 

1412. 


Day. 


II 

12 

I.) 

14 
IS 

Ih 
17 
IH 
IV 
2(1 

21 
22 
2,< 
24 

25 

2f> 
27 
2,S 
2<) 
,«) 
.11 


.5 .  7(l,f 
.5 .  fi»4 
.S,25(i  j 
S.272   I 
S,.i22   i 


March. 

tiaUKtr  I      Di*- 
Hciijht      chartit'. 


.Set. -ft. 

6,267 
6.2S. 
.S.7fi7 
6.il74 
b.U6A 


v'1^4 

1     6.U.1 

(>.>7^ 

1      S.HI)') 

'.,.(21 

1      A.l.tl 

h,2()l 

1      6.140 

!    .=i,s4; 

.V4M 

April. 


b.lltl 

0,(W7 

6. 0711 

ft.KW 

.S.7.)l 

.5.^20 

6.212 

6.12'» 

<i.H6 

6,H2 

6.0H.S 

S.til'l 

.S.'J.ti 

6.l!l.l 

6,1X1 

6,117 

llFiiiht 

th.ir«i'. 

Feet. 

Sec  -It. 

6,021) 
6 .  1  S'J 
6,210 

6,2XI> 
6,2H7 

6,  «)> 
6,  106 
6,1.!0 
6,2'M 
6,l')4 

... 

6,  121 
6,  111) 

6,.1K2 

6, (I'll) 

6,2X6 
6.. 11)6 
6, US 
h.H.K 
6.  l/.l 

S.XSl 

b.mi 

6.4.)H 
6.4')o 
6.4').S   j 

6.SS7   I 
6.61')    ' 
6.0{)6    I 
6.  114 
6 .  607 


May. 


(i.lUllf 
lllMKllt. 


UiH- 
cIluk.'. 

SlT..(t. 

6.4.SS 
6,611 
6,S71 
S,i)S6 
0,754 

6,422 
6,670 

O.B.'l 
0 ,  K  1.1 
0,«4.l 

6  sr» 

6..1H2 
6,040 

7  (106 
7.045 

6 ,  vol 
6.716 
6,747 
S,i)»0 
6,210 

6,S4,H 

0,56.S 


June, 

llauKi'  I      Uin- 
llfitilit      ch.triff. 

K'-ct.       Sc.  .-It. 


6 .  466 

S,4,-» 
4,')7» 
S,"42 


6 

615 

6 

52  7 

6 

.170 

5 

sofi 

5 

7S.1 

6 

.145 

6 

016 

6 

.110 

6 

174 

6, 


.1  17 

,  S6.X 
.  I.'l 


Nil 
'111 


^ 

61)1 

1 

,  >I6 

s 

710 

s 

1(42 

5 

NS.l 

5 

S2I> 

> 

.S65 

4 

•>7  5 

5 

III  S 

5 

274 

s 

2')  6 

5 

106 

5 

/IH 

s 

l')7 

4 

674 

AlOilHt. 


5,306 
5,581 
5,44.? 
5  ,  666 
5,701 


5 ,  669 
5,660 
5 ,  6H6 
5,165 
5, 113 


I.'IitcmlM'r, 


S.S'll 
5,72  1 
5,K1)4 


4  ')SS 

5  1  16 

5.2.'<.l 

5,470 
5 .  466 
5,550 
.5,577 
5,3.10 

5.451 
5,4X1 
5,2X5 
5 ,  205 
5,28V 

5,351 
5.10V 
5,361 
5.525 
5.000 

5.753 
5.6V5 
5.X2X 
5  447 
5.600 


5.X25 
5 . 1)04 
5. '101 
6  HVI 
0,102 

7,461 
8,647 
'),24i) 
V .  2  IV 
v,574 

V.746 
0,773 
X.SXl 
V ,  44  I 
V ,  XX I 

I0,|i)7 
111,744 
1 1 , 0X6 
11,3I)X 
10,321 

10,61X 
10,776 
11,747 
11,62X 
11,605 

1I,2')4 
10,412 
10,771 
11  ,.?!« 
I1.4')6 
11,660 


N'ovcmhcr, 


u 

,675 

11 

,7X2 

111 

.657 

11 

154 

11 

,  66V 

11 

674 

11 

550 

() 

•)i)6 

V 

761 

X 

552 

X 

64X 

V 

467 

111 

670 

11 

122 

11 

20H 

II 

117 

111 

452 

111 

7X/ 

11 

,M3 

u 

043 

11 

25X 

11 

IVX 

11 

6IX 

10 

X2,' 

11, 

175 

D«c'nibcr. 


11,620 
1 1 , X40 
12,010 

i  I ,  WiO 
1 1 , 7V5 


11 

,034 

111 

,XX1 

11 

IV  7 

II 

17X 

11 

IX^ 

II 

411 

11 

411. 

11 

2,'X 

11 

375 

11 

752 

11 

«4S 

11 

Xi6 

u 

X31 

11 

7Vf 

u 

42V 

II 

64H 

1 1 
u 

XOM 
X42 

1 1 , X46 
ll,X5l 

II. .-<'.> 
11,232 
11,2.^1) 
II  ,541 
11.  I'M 

11,55X 
11,6X7 
1 1  ,  70V 
1I,06S 
11,437 
1 1 , 5V4 
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Table  5S. 


Tolal  Daily  Disrhar^e  of  the  Winnipeg  River  at  Outlets  of  Lake  of  the 
1 1  omh,  Ontario     (  on  t  i  niied . 


D«y. 


i 
J 

4 
S 

« 
7 
» 
9 
10 

II 
U 
U 
U 
IS 

16 
17 
II 
19 
20 

J\ 
il 
2J 
34 
25 

26 

27 
28 
29 

jn 

i\ 


January. 


••.mill'  I      I)i«- 
Iliight.    rli.iriji'. 

Fret. 


ll.7t'< 


11. HP) 
11,144 

1 1 .  Vt.S 

ll.x.i; 

11.71ft 

11.WI2 

11.. ^«4 

11.  WW 

ll.lhft 

ll.t.tft 

1 1 . SKh 

ll.4f>l 

U.lSb.S 

11.617 

11.6.17 

11.172 

11.47.) 

11.6.^1) 

1 1 . 707 

1 1  , 7,)J 

11.60,1 

11.640 

11.22.^ 

I1..).S8 

1 1 .  .IXd 

1.4X« 

L.'inN 

1 .  S*.i 

Ki'bru.iry. 


I'ti.irKi'. 

Si-i-.-rt. 
1 1 . 7(m 

I1..M7 
11.475 
1 1 . 4SJ 
ll,4l).l 

1 1 ,  <U4 
II,.4,5K 
11,244 
1(1,7,51 
10,742 


March. 


Heiuht 


Feet. 


IV) 

ft.'l 

446 

;gH 

\S1 

<J 

m 

« 

2.Mt 

y 

045 

H 

747 

X 

,141) 

ih,irK<>. 


M.(M,t 
7,664 
6,i)4X 
6 .  N4H 
7.1.fH 

7.2.50 
7,0)1! 
6.ttg5 


S«-..ft. 

ft.'Wl 
It.'llK 
7.20H 
7.410 
7 ,  .«I6 


7 . 2  )6 
7.!47 
6. 64  J 
b.im 

7.17(1 

; .  im 

7 .  .«)6 

7..U7 
7 ,  ,l5.i 

6.625 
6.4K4 
7.1)12 
7.17ft 
7.,M.t 

7.(50 
7.4(M 
6.575 
6.4X6 
7.072 

6.055 
7,l'"2 
6,<)l5 
6 ,  ')05 
6,000 
6,101 


Aliril. 
(■i,lUKf  j        l)i,t- 

llcililit  I  ili.iriif. 

Feet.       .S-(..ft. 

ft ,  6X6 
ft,ftlh 
6,204 
ftOC) 
6,044 

5,X47 
ft,  11') 
ft,  4  III 
6.7.IX 
6,450 


May. 


(t,lUKi' 
llt'iuht 


Vevl. 


6,IH4 

5 ,  X1)X 

5.<)I5 

ft. 075 



6.456 

6 .  X6ft 

7.10*. 

7 .  J(15 

6.4(2 

6.654 

''.2,(7 

lo.u.ix 

12.702 

14.1.12 

14.X27 

U.IXh 

14.542 

15.705 

I6.0i,( 

ehariie, 

Scr,.ft. 

16, (>5 
16,422 
16,646 

1 5 ,  7i)x 
1ft,  INK) 

1ft, 710 
lft,OftX 
1ft, ')44 
17, (I/O 
17.1X0 

16,277 
16.. (76 
17.5.5') 
IX. .(47 
19.2J8 

1'>.J7'» 
l'».ft')7 
I ') .  0.5(1 

1X.<)7X 
I''.  25  J 

1'>.720 
20.I2X 
'O.XOf, 
l')..50.( 
l'».22.t 

1<).2,)2 
1'».46') 

l').«xo 

2(l.22.( 
20..>X( 
20.44.) 


(lauiir         I)H- 

harKc 


lleinht 


Scr..lt. 

1 0.605 
l').7IO 
20.474 
2'l,5)l 
20,701 

20,7X2 
2(1,  ;o<) 
10.1)17 
lO.Xftl 
20.570 


20 

70.1 

20 

444 

20 

.140 

20 

MX 

10 

647 

10 

570 

20 

27.1 

20 

5X2 

20 

5X2 

20 

561 

2(1 

451 

to 

6X5 

10 

674 

10 

0'7 

20. 

1.(6 

20.042 

10, 

X50 

10 

76X 

IX, 

^X2 

IX. 

X.(7 

7.952 
X.457 
7.652 
7.')V2 
8.642 
8.797 


U'iunifyfi;  River  I'tncvr  iind  Slorii'^i'  lmT\li[[iilii>)i'<. 


4.<Q 


Table  ?<S.     Tolnl  l)nil\   I  i^dutf^c  m  ilu-  W'nnii/H'^  Rm-r  nl  Oiith-ls  of  Lake  of  the 

Woitils,  OHtiitio     (  (Piitiiuit  (I. 


I '' , ;  1 '( 

.'".474 


Day 


11 
u 

IS 

16 
17 
18 
19 
20 

21 
ii 
2.1 
24 
25 


2« 
29 
M 
Jl 


J,i.iii,iry. 


l-.hliMlV. 


Miivli. 


lii'iuht 


Fwt. 


Dii- 

s«-.-ft, 

H.6'1.' 
H .  7'(.' 
H,76; 

7,««: 

1  ,<yhl 

;  Hu 


H.h57 
X.75.' 

M.(M' 
8.17.' 
H.Shl 
8.M7 
N.6K7 

8.417 

8.t7J 
7,55  7 
7..)27 
7.7J7 

7.W7 
7..S.U 
7,407 
7.467 
7.077 

7,147 
7.(1.57 

7.787 
7 .  «67 
8.077 
8  07  7 


('..iim,.  I     |)H- 
llimhi 


I  (..IIIB,. 


Scc-fC.    I     iMfl, 

7,817   I    . 
7,:»7   , 
8  .  I  I  J    ' 
8    157    I 
8,  182 


7,857 
7,81J 
7.417 

7.507 
7,727 

7  "52 
7!7  1/ 
7.84' 
7.81J, 
7.71J 

7,547 
7,75i 
7.717 

8,082 
8,207 

S,4(i7 
8.4/2 
8.7t2 
M.777 
10.047 

I0..H2 
10.h57 
11.172 


IX-H 

i  li.trtff. 

S.',  .11. 

In  uiM 
lO.'i'l? 

10. 5|; 
I0.4'I7 
10.542 

t0.5lj 

lo.<i_'2 

•>  *H2 
10.172 
|i|.li57 

10    ''82 

10.752 
10  822 
10.707 
'/,702 

i».7l2 
10.282 

111,482 
10. th2 
1II,5'I7 

in.  51)7 
').'>*! 
10,017 
10,277 
10.222 

10.212 
10,2'i7 
10. Jt7 
IJ.812 
<(.M)2 
1,812 


.\l.iil. 


June. 


IJi. 
Lti.irktt'. 

Nh  .11. 

to  017 

10  on 

10.0)7 
lo   127 

').  ;t; 


9 

242 

10.057 

10 

0(2 

9 

9ft,' 

9 

152 

<) 

172 

8 

85' 

9 

087 

9 

512 

9 

i»2 

9 

H7 

9 

fi07 

9 

557 

HI 

217 

10 

457 

III 

447 

<: 

872 

9 

9(17 

9 

8.S7 

9 

812 

8 

927 

10 

,  > » 

10 

5(7 

lo 

402 

llc'lxht 


Hi.. 

ch.imi'. 


ii-iiiht 


Si'i 


fi.      !■•. 


I  10.  K.1 
i  10.  (I.i 
1    10.  <  'I 

I  lo..';,K 

10.27I 

10.49I 
10.828 

I  ll.OOM 
10.711    ; 

!      9.')4.S    i 

i 
I    10.070 

'  ll.lo-i  I 

1 1  .  .!MI    j 
11.221 
ll,,)(i5   ! 

11  .20') 
10.  7f>0 
ll.4'll 
ll,9.'5 
12,  170 

I  1. 1815 

II  4H0 
I  1.625 

n,2i5 

11,555 

14, 145 

I  i ,  «8I 
1ft,  161 
1ft   880 

17,(178 
16.875 


\H»- 

'lufKi'. 


I'l 

594 

|6 

9  44 

17 

1  19 

17 

262 

'•" 

(94 

17 

1(4 

17 

0(9 

i; 

(79 

17 

Sl\ 

18 

(04 

18 

(5ft 

IS 

(71 

18 

481 

17 

')59 

18 

Oil 

17  ,')7'» 
17,782 
18,0<)4 
18.5SI 
18.792 

18,576 
19,044 
I9,8ft7 
20.166 
20.259 

20. 152 
20.  (02 
19.717 
19,786 
19,891 


8.087 
6.827 
7.(27 
7 .  792 
7.962 


7.6.(2 
7.692 
8.2i2 
8,482 
7.572 


July, 

Au«ust, 

SfJtL 

■nilH-r. 

Oaol«r, 

Ntjvt 

mI"T, 

Ot'ti'mbrr. 

1 

19,421 

19,419 

.             1    1(,842 

13.321 

9 , 5(Hi 

10.015 

2 

19.482 

19,201 

...      '    1 ( . 562 

13.325 

9.626 

10,131 

.( 

19,541 

19. ,(17 

...       '     1 (.562 

13,313 

9.7.(6 

10. ,210 

4 

19    582 

19,591 

:    1(.577 

12.658 

9 .795 

10, 179 

5 

19.619 

11, 625 

1.(.742 

13,092 

9 ,739 

10,081 

6 

19,584 

19,545 

!  (. (67 

13,397 

9.751 

8.  739 

7 

19.671 

19,  J81I 

1(.617 

13,447 

9.735 

9 .150 

8 

20,0.59 

19, 159 

1 (.857 

13.517 

9.361 

') ,  4 1 3 

9 

19,1)1)4 

18.9t( 

1  (.7  12 

1  (.557 

9  476 

9,444 

to 

20,229 

18,897 

M .  8')2 

13,612 

9 ,  864 

9,554 

11 

20,019 

18,860 

1(.497 

12,850 

9.9(7 

9 ,  1  (3 

12 

19,8,(4 

18,8(6 

1.(.667 

12,822 

9.950 

9  ,-4 1 1 

U 

19,881 

18.765 

13,181 

13.179 

9   9  (5 

8,687 

14 

19,9(9 

18,6,'l 

13,7(2 

12,386 

9   917 

9,605 

15 

211.149 



t8,58,( 

13,742 

11.11.5 



9 ,  30t) 

10,019 

16 

20. .(11 

18,457   i    

13.903 

10,671 

9.343 

10,115 

17 

20.(71 

18,567 

13,667 

10,333 

9.445 

9,944 

18 

20.476 

18,612 

13,864 

9,487 

9.824 

" .  844 

19 

19.944 

18,917 

13,565 

9 ,  866 

10,065 

')   "25 

20 

20.019 

19.272 

13,215 

10,421 

10,065 

8  ,  926 

21 

19,811 

19.. ((2 

13,329 

10,260 

9,989 

9    57  ( 

22 

19.866 

19.112 

1 ( . 492 

10   416 

9.601 

10.056 

li 

19,859 

18.497 

13.253 

9,752 

10.402 

0.  141 

24 

19.857 

18,887 

13.475 

9.581 

10,  5. '1, 

0.029 

25 

19,794 

18,917 

13.242 

9,521 

10,708 

9 ,  589 

26 

19,694 

16,592 

13.1(8 

9,707 

10,604 

9.604 

27 

19.644 



15,590 

12.9,13 

9.817 

10,601 

8,973 

28 

19,959 



14.972 

13.187 

9.795 

10,362 

9    428 

29 

20,171 

14.127 

13.322 

10.126 

*),9«0       

19,030 

30 

20,286 

l.l.>.77 

13.377 

10.091 

10,015      

10,081 

31 

20,218 

13,7-7 

9,852 



■ 
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Table  5';.      \fonlhly  DischarRes  of  Winnipeg,  River  at  the  Outlet  of  the  Lake  of  the 

Woods. 

(1)1  li'l.llir     \l.-.l.   ift.4ll)  „|i4.,t.-   iniI'M.) 


Ml. MM, 


J.tim.tt> 

Kchru.iry 

M.inh 

Apiil   

M.y 

Jutif 

July       

\!mii.*t      

.■^--iilrmbcr 

IhlnliiT 

NovcrnlMT 

1> iiili.r 


Til. 


J.iim.ity . ... 
I'l-hrii.irv ... 

M.ir.|i      

April 
.M..V 
Ju.„- 

July 

■VUliU-      

S-ptpiiiU-r. . . 

n,  i„l„.r   

N..vi-iMh,-r... 
iJfi  fiiihiT.  . . 


Till"  War 


Janiiiity.  ,  . 
i'elituary .  . 

Marih 

Apiil 

May 

Jutif 

July 

AUKUst ... 

S'ptciubi-r. 
"'  tobor 

NoVfllil'fT 

Di.rtriil.il    . 


Tlif  Vf.ir 


J.muary . .  . 
Febru.iry . . 

March 

April 

May 

June 

July 

AuKust  .  .  . 
Sfpiemher. 
October.  .  . . 
Novpmb*?r. 
December. . 


DlKHAHCE   IN  SKaiNU.KlClr. 


.Maxiitnirit. 


Miiiiiniiir 


li.omi 
1 1 .  Ml) 
m.'JW) 
|||.4«I 
II  .All) 
I  < ,  txl) 

n.lMI 
l«  114 

|.>  l>H, 
.'l.f.,-.' 
.:l.4»ri 
.'11.  4  W 


l'J,4l.'< 
I'l.lH).' 
17.714 
K.IWil 
21  .II6(. 
2I.'U4 
.'-•,(i24 
.'II.SH4 

10,  (;i) 
I7,C(<.6 
14.041 

11.  17  ) 


2.1. ')44 


Tlie  Year. 


Kl.UiO 
1(1.. VJ7 
11.141 
11.  l.M 

1 1  .  7  I.S 
U  .mh 

I  > .  IKtH 

II  .<IH(t 
I  -• .  LSI) 
1  J  .  4  W 
1  2  .  2M 
Ii.l74 

Ii,4.'iO 


li.noi 

1 1  ')4,f 
20.4(12 
24.  "41) 
2.S.2.18 
24,(l.vS 
20.021 
17.. 508 
12.002 
1 1 , 4«X 
0.360 
8. 584 

2.S.2.I8 


I I  Ml) 

1(1  OHII 
II)   Hid 

III  IIHI 
HI.  I  III 
II.  I'. I 
12.7  41 
li.DNil 
1  vD'l 

1 0  itH ; 
21).  1,2 
10.2  1,' 

10.  10  ) 


IK,. 'I  '0 
1,  ,21., I 
1(1.051 
1(1,  Mil 
1(1. X4I 
21.  (ISO 
21, OS  I 

10.5(1; 

17.. 'OS 
14,251 
1 1  .  5(,i 
10.118 


11 

700 

II 

2  51) 

111 

fllll 

PI 

211) 

n 

170 

14 

01)1) 

It 

055 

12 

7  11) 

1 ; 

(ISO 

2') 

;')!) 

21 

(17  5 

10 

7  10 

10,  l.),l 
IS     .^  111 

17    Mil 

Kl.'IIKI 

11,4711 

2,',  Mill 

21  son 
20.  tun 

II  2IK) 
I5,4.'l) 
12. .110 
111.580 


lU.tIM 


0 . 4(1 5 
0.4,11 
II),  i2S 
10.058 
lO.UiS 
1 1  . 204 
11.711 
I  I . 200 
11.5,1ft 
II.. 152 
11.610 
11.510 


7.670 


0 .  465 


11 

.12  7 

11 

548 

11 

585 

20 

854 

2.1 

020 

20 

8.10 

n 

71.1 

11 

564 

11 

102 

9 

051 

8 

217 

7 

654 

7. 

e54 

0 

.070 

10 

0411 

III 

Olll 

111 

,170 

11 

040 

11 

770 

II 

.1,50 

60  5 

40 

05 

;20 

015 

0-670 


0  178 
(|.  180 
0  411 
O  412 
O  418 
0  446 
0  410 
O  44,1 
0-452 
0  455 
0-455 
0  452 


Rum  (Ml IT. 


0  447 
O  4211 
0  401 
0  100 
o  42  1 
O  510 
O  5  12 
0  482 
O  617 
I)  78.1 
II  708 
0  747 

O  5S1 


0-727 
0-601 

0  657 
(I  640 
I)  :iM) 
0  16  5 
0  826 
O  760 
O  60O 
0  5)14 
0  185 
0    401 


Dciiili 

in  iiiL-tieii 

II 

1 

Dr.il 

Itaiir 

Area. 

0 

515 

0 

414 

0 

465 

(1 

415 

" 

(18 

" 

50  > 

1              0 

614 

0 

5  56 

o 

7  22 

0 

008 

0 

801 

0 

862 

0  110 
O  720 
0  7  5X 
0  711 
0  807 
0  06fi 
O  051 
0  88  7 
O  770 
0-674 
0  542 
0  462 


0-0') 


0-430 


0 

4,16 

1) 

106 

0 

477 

0 

450 

0 

4.11 

(I 

407 

0 

518 

0 

511 

0 

505 

(1 

525 

0 

508 

0 

521 

5-84 


1 1 . 660 

0  442 

1 1 . 700 

0  44  7 

14.260 

0  540 

22.120 

0-838 

24 . 600 

0  035 

21.870 

0-828 

I6.2')0 

0  617 

13.270 

0-503 

1 1 . 750 

0-445 

10.180 

0  386 

8,78.- 

0  333 

8. no 

0-307 

14.570 


0 

510 

0 

465 

0 

624 

0 

035 

I 

079 

0 

024 

0 

712 

0 

580 

0 

407 

0 

445 

0 

371 

0 

?S5 

7 

SO 
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Table  59.  —Monthly  Discharg;es  of  ll'itinipeK  River  at  the  Oulltl  of  the  l.uke  of  tfm 

Woods    -( 'iiiii'lu(|<'<l. 


..(  II... 


MiiNrii. 


ivn 

J.inu.ifv 
r  hril.irv 
kl.ir.  >i 

April 

M»y ..^ 

Jhiw..  . . , ,. . 

July 

AlltflHt , , 

Sfptr-nilicr 

fhtrjU-r , , 

NovrliitHT ,  ......,.*... 

l>«*i  cIllfHT. 

Th-   V.Mt 

I'll-' 

iantury 
I'bru.trv    

Mat.  Ii 

April 

May 

.?niie 

July 

AuKllst 

S«  t.tt'inlKT 

UtulHT 

Niivt-nilMT 

IV(  t'tlllMT 

Tlu'  YiMr 

I'll  t. 

J;in(i.iry .  .  .  , 

l-"*l>ni-iry , .  . 

M.irrh . . 

April   . , 

May  

jilm-  .    

July 

AilK.Hl  

S'-ptrliilMT .  .  .  , 

t>.  tlll).T     ,      .      

Novcinliit 

!).■..  irilMT 

Til,-  Y..Mr,. 

mil. 

Jitnii.iry    

l'''))ru.tiv    

M.in  h 

Aiitll 

Nlay 

June 

Jiily  

\il,;i    : 

V;    (MIi)mt 

II     olicr    

Novc'iiilur 

0.'..'nili.T    

Thi- V.-ur 


DlWIUIlUK    m   SClllND-FtET. 


HiN  iwr 


_      _  _   . 

I),,,th  111 

Makiititim. 

.Miiinmim 

M..in 

.Mil.' 

III!  )|.-q    l.tt 

Ut.iin.mt 



-  — 

Arfi4. 

K .  (MM 

h   HHft 

;  7IIII 

(»  ."*  • 

r.Cll 

(•.;ii 

7.11" 

tl    .!ft'J 

0    JHI 

7  .  1  II) 

'1  l,ll> 

ri  Mts 

(1    .M'l 

'1    Ji)*t 

'',  IIJ 

«.^<H 

«  vii 

II     III 

II    IM) 

'MM 

n.im 

H,  7  7(1 

II     (I  • 

';,  iK; 

K.M7 

h  'H^ 

II     If) 

*t,  ^tl\ 

7,lh« 

«,7  7l) 

II   u.. 

II    INI 

H .  ^ftlt 

It.  ;'}** 

7.')I«S 

0    III! 

II    l|i| 

1 .  til 

<   'Mil 

'.,71< 

II    .••■1 

II    JNI 

»i,  IHI 

.<    14'< 

<.«H 

1.   U' 

II    JMI 

^.'M'J 

.'.IIJ 

S.M^ 

II  .' 

Hit; 

Sunt 

.',h;k 

^.su) 

II  JIJ 

.US'! 
i    I.' I 

1  jt,; 
I,  (I  I'/ 

|i.(, 

l')7 

,.H'M) 
.MJM 
,717 

MM) 

•".I     ; 


11,017 

tl  .7im 

7. 4111 
111. IIJ  I 

'II.  sm, 

,  7NJ 
l'(.M14 
I  V»7< 
14.  V«H 

N,  SHU 

n.  ;ii.! 

«  .  K  '  7 
.'11    ■.(!(, 


7'12 
;.17.'   I 
ln.XJi   I 
IO..S47    : 
I7,II7J<   i 
2ll.lii 
;0.47ft 
IQ.ftiS 
l.i.iXH 
H,(.l.'    ' 
10, 70S 
lO.JlO 

JO. 476 


Kl 

171 

41.4 

7  J  -* 

7m  I 

(.7  4 

4.'% 

;  :tt 

7«r, 

^^^ 

;'H 

Olll 

J  71) 

SOS 

its 

n:ii 

4111 

4JS 

7JII 

111 

'I'Ht 

11 

<JI) 

1. 

tciu 

'i.'J'MJ 

■* 

■•<i7    j 

M,<;sii 

1    ^ 

7'iS    1 

iM.  t;u 

is 

Mi7     i 

.'t,  IIMI 

1.' 

.M7    I 

I^.OM 

1 1 

•  m;  ' 

1 *,XMO 

; 

.'III) 

li.liMi 

7 

^1.' 

M     IHU 

/' 

(JH7 

N    M'JII 

v.-n- 

1ft    I'l! 
l').4.l 
I  1.7, 
IJ.WIi 

').4>< 

U.  IIK 


7.077 


ri 

JW 

n 

-'.Ml 

0 

.'.'.** 

0 

.'  IM 

(t 

.M(. 

o 

J    'i 

o 

1,-^^ 

It 

.MKi 

o 

.'(Wi 

(1 

If.K 

(1 

417 

') 

4i/. 

4  IS 

I'll 

J(.' 

<JI 

(I'lr. 

7(,J 

•.m 

'(i4 

!')(, 

(Ill 

111(1 

10^ 

im 


II  .'1 1 

I)  jj'i 

(I  j(.  ( 

I)  Jf.S 

11  JXI 

I)  J  HI 

I)  Jl  I 

0  .M7 

I)  J  J*' 

o  4."' 

0  4(1' 
Din 

1  ."> 


II  (;k 
o  tiis 
II  «(,1 
iimii 
II  nso 
II  6S1, 
O  (I'D 
OS '4 
II  KS 
II  t4> 
risj 

6  IJ 


(1 

to4 

(I.  UO 

0 

117 

I)    HI) 

0 

m 

1)  411 

11 

170 

11-41  1 

0 

!(.(> 

0  ■;!» 

I) 

7IKI 

0    -HO 

0 

•M 

0   K70 

0 

'lOO 

0  -  7>)6 

0 

1)   .'7J 

■    1 

0-101 

•1 

11  4lg 

0 

.1,1 

■'    UO 

0 

47.S 

6  «1 
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Table  60.    -Piuhitrge  Steauirement.i  in  heml-rare  of  Kerura  pouer  .Italian. 


Kffi.  irmy. 


IVt  ii'nt. 

M  i 
Si  t, 
>»  i 
511  * 
5<  J 

MO 
Ml 
59  4 
is  V 
55  4 

5m  ft 
S'l  I 
57  » 
51  K 
5ft    5 

54  0 

54  (I 

55  H 

54  0 
5J0 

55  ) 

SIH 
54  O 

5t   5 

54-5 

5  )    5 

45.  M 
51  «J 
4lt  <l 
*H   i 

50  H 
*n  i 
57.  J 
57  1 
55. 5 

SH-X 
fV  2 
.5ft.  i 
5"*  4 

54.7 

.5«  .1 
56.1 
5K.8 
55.1 
SJ.6 

5.1. « 


2,1  <') 

.17.8 

2.1  ft) 

.14.7 

2,1  55 

57.  S 

if. 57 

.UO 

2  J.  55 

4.)  J 

21.ftl 

40. 1 

2.1  5  7 

4M 

2.1. 5h 

.tH.7 

2,i-.S6 

W.7 

2,1-02 

J.t..» 

25. 60 

,59. 4 

2,(.5K 

49.1 

25  59 

.17.8 

2.)  54 

44  6 

2i. 57 

.17. 1 

45. 1 

50. g 


'tiniipf'  Kiver  I'm^rr  ■mil  Sl,tr,iy  liifi'\li'['tlii>>fi 


IM 


K  MN\      kl\  I   H      \  I 


US  M  riiN  M     I   M 


MINN 


'"  i'lW    ihr  l.ilU.       I'liiii    In   this 


l.o:iitioii  III  (ituizr  At  ill.  -UmiiiIm.ii  <luik.  hill  a  iiiilf  Im  |..«  ||„-  ,|,,,ii  ,it 
llllt  I II  iliciii.ll  I  .ill-. 

Kt'ionh  mitihihli       M.inh  I.  !'*<ir,  i..  I  n  t  •  i.il..  r   U.  I'*].'. 

Ihiiinuiif  atrii.      1  l,f>i«l  M|ii,irc  iiiili  > 

(iiiii'^c.  \'rrtii-.il  stall  in-.|.illi'i  ,  'In 
April  2(1,  l'Ml,.ii  till- AiiHric, III  >ii,iinliii,ii 
ilatf  K-'iiKi'  iHiulil-.  riirnisluil  ihrmmli  tlic  i  >>iii  i,  -«  ni  tin  Miniii  -..i.i  .mil  ( )iii.iriii 
I'liwcr  (iMiipaiu,  wircn.nl  mi  .1  ^;.iiiv;i>  Int.iinl  ii^t  l.cluw  tlic  (l.iiii.  tir^l  on  the 
C.tn.uii.in  -iilf  llllt  l.itiT  1)11  llif  AiinriiMii  >iilf.  Iln-  /cin  nl  ilu-  »iii\iy  n.iii^f  Im 
4611  'J<>  ficl  alioM'  ill, II  i.f  thr  |»iw.i  Kiiiipaiiv '-  khii;«',  wIkii  ilii-  -.I.iih'  dI  tin- 
riviT  Im'Iwccii  liif  t\\i>  point*,  is  1  on^iiU ml. 

C'lnniiirl.     !'•         .  all>  iHTiiiaiicnt . 

Disthar'^f  mciilt.      I  )is(  liar^f  nu-.iMiniiu-iii- prioi  lu  1')l  1  \n»ti   madf 

liy  incaiw  ol  a  l>i  .nl  1  .ililc  at  .1  m-i  lion  sf\fr,il  limulrnl  \anU  IhIou  the  K'IUK*". 

wluTf  an  inland  ili\iilis  ilic  river  iiiiu  two  i  liaiiniK  Siiuc  l'»|  1.  nuasurfiiunts 
liaM'  Ik'i'II  mailf  al>o\c  the  i-l.uHl,  w  luri-  ilu'  riser  Hows  in  one  <  liaiiiiel  ami  tlu- 
velocities  are  tn-tter  (lisiriliiiteil. 

Winter  Fliw.  !((•  rariK  loriiis  in  the  lonj;  stn  t(  li  ol  water  below  the  ilam, 
hut  it  does  fonn  at  th"  rapids  IkIow  the  open  sireicli,  laiisiiiK  serious  haekw.iter 
at  the  K.iiige,  amounting  at  limes  to  more  lii an  J  leel.  During  I'Xl'i  ami  1<>1() 
the  montliK-  flow  during;  the  wuiter  li  is  lieeii  estimated  indirei  il>'  from  records 
of  tlow-  through  the  turliints  as  kept  l)\  the  jiowi  r  (cmpaiiy.  During  I'Ml  and 
1912  tlie  winter  How  has  lieeii  cstimateil  <|ire(ily  from  records  of  How  through 
the  turliiiies,  as  computed  Ity  the  Canadian  hepartment  of  I'ulilic  Works. 
Winter  estimate-  for  periixis  previous  to  1<M0  c.ii,  :>e  considered  oni%-  approxi- 
mate. 

A.afuial  control.  The  dam  alio\ c  the  gauging  station  raist's  the  water  level 
in  Rainy  1  ke  to  such  an  t-xteiit  as  to  c.uise  a  large  increase  in  the  storage. 
Since  tlie  dam  and  power-house  have  iieeii  in  operation,  i)r.icli(  ally  no  water 
has  passed  u\er  tile  crest,  the  entire  tlow  of  the  ri\er  going  through  the  turliiiies 
and  sluice  gates.  The  plant  is  run  on  a  24-h()ur  basis,  so  that  with 
the  excei)tion  of  the  Suiula\  How  the  discharge  is  fairly  uniform,  though  it  does 
not  represent  the  natural  How. 
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Table  61. — Daily  Discharge  of  Rainy  River  at  Fort  Frances,  Ontario. 


lUrainugL-  Area.  14,400  square  miles.] 
1911. 


Day. 

AUKUKt, 

September, 

October. 

November, 

December. 

(laURe 
HeiKht. 

UU- 
charKC. 

liaUBc 
HeiKht. 

Uis- 
charic. 

Cause 
Heitiht 

Dia- 
charKc. 

Oauite 
Ileinht, 

Uis- 
charKc. 

( lautic 
lliililit. 

Di»- 

charge. 

1 

Ko-t. 

Sec.. ft. 

Kift. 

Scc-ft, 

6.4N0 
6,515 
6 ,  5K6 
5,11,15 
6,056 

6,415 
6,  ISO 
6,. 100 
6,120 

5 ,  700 

5 .  690 
5.0X0 
5.990 
5.95t) 
5,9,10 

5 ,  99(1 
4,94S 
4,445 
6,055 
5,  SIS 

5 ,  660 
5,660 
5,570 

4 ,  595 
4,225 

5 ,  1 .50 
5.270 
S.550 
5.520 
5 ,  560 

1 

Foi-l. 

Sei-.-ft. 
5.  ISO 

4, no 

5,250 
5,505 
5 , 5(M( 

5 ,  560 
5,220 
4,475 
4,160 

4 ,  6SU 

5,470 

5 ,  4S0 
5 ,  490 
5,050 
4,  ISO 

4.1(KI 

4,675 
5,.1(K) 
5.490 
5.4,0 

4.XSO 
4.5(«) 
4.4SO 
5.015 
5,4iS 

5,44.'. 
5.475 
5,260 
4,410 
.1.9(1(1 

Kecf, 

Sec.-ft. 
4.1J70 

4.S,50 
4 ,  X90 
4.4IHI 
4.220 

4 ,  260 

4,770 
4,7X5 
5,012 
4,9X7 

4 .  760 

4,  115 

4,250 
5  060 
5,. 150 

5 ,  420 
5,445 

5,555 
,1,070 
,1 .  S9S 

5.6,10 
5,620 
5,. 595 
5,915 
6.1<)0 

5,110 

4,090 
5,620 
5.650 
5 .  625 

I'Vft. 

Sec.-ft, 

2 

5,610 

.1 

5,615 

4 

5 

6 

7 

5,575 

M.  .  .     . 

5 .  605 

9 

5 .  690 

10 

11 

6 .  (W5 
S.0<)0 

4.6.15 

l.i 

5 ,  645 

14 

4,»20 
6,750 

6,7.10 
6,470 
6,, IK  5 
6,650 
5.1,14 

4,847 
6,540 

6,5K5 

5 ,670 

15 

5 ,  660 

16 

5,650 

17 

5 ,  705 

1,1...    , 

4,940 

19 

20 

21 

22 

4,J70 
5,670 
5,700 

5,670 

2.1 

5,700 

24 

5,640 

25. 

6,510 

6,710 
5     >94 

1   (l.so 

26 

2,  IKK) 

27 

5,, 155 

2S 

29 

.10 

j 

4 ,  90X 
6,5(M» 
6,510 
6,500 

5 .  990 
6.1(MI 
6.0X5 

,11 

5 .  705 
i..t.iO 

!                     i 

' 

■             1 
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Tabled!. — Daily  Discharge  of  Rainy  River  at  Fort  Frances,  Ontario     Contiiiufd. 


Day. 

Junuiiry. 

February. 

March. 

April. 

May. 

June. 

daiiRe 

Dis- 

<".aune 

Uh- 

(iaiiKe  t      I>H- 

(iaune 

Oh- 

(ratlce 

Dis- 

(i.iUHe 

I)is- 

Mriullt. 

cliarKt.'. 

lU'iKllt. 

cIlafKO. 

lll'lullt 
Fell. 

ch.KKe. 
^Slv.-lt. 

M'-i«ht. 
Feet. 

cii.iriie. 
S.-c.-ft. 

1  ielKlit 

i'CCt. 

.h.(rK.-. 
S-.,-ft. 

lleiuht 

(h.irK''. 

K«-t. 

Sec. -ft. 

Keet. 

Ser.  fl. 

.S'.-ft. 

1 

4.4'«l 

.I.OHS 

4 ,  .S.16 

.l.')14 

1 ,  XHIl 

6,  (15 

2 

.S.O'JS 

.1.440 

4  ,  HHH 

5.022 

1    S.H5 

1.440 

.) 

.S .  fih.S 

.1 .  K41 

4.1')7 

5  (12.S 

5.'»I5 

1,(25 

4 

.S .  ()').< 

4.620 

4.102 

4.')«7 

6.l')0 

6.417 

.S  .(,41) 

.t.TOS 

5.101 

1.IM)2 

1.2,10 

6  .Mi 

f> 

.S.S15 

1.10.1 

5,0.(7 

4.'<.'H 

4 , 7')1 

6,410 

7 

4.4.1(1 

1.OU0 

1,(1»)0 

.(   721 

6.III1 

6 .  (OS 

X 

.( .  VIS 

1.0,10 

1.102 

.(.616 

6,170 

6 .  1  SI) 

0 

S.l>> 

4,'))(S 

5.1)6,4 

1.04') 

6   610 

5.')71 

10 

S.THl 

4,«70 

.       ,            4 . 205 

,       j       5,()6.H 

6 . 6')2 

5,8K') 

II 

S.72S 

1.101 

.    .      ;      4.  lew 

5,0')6 

6.714 

6.267 

u 

5.')4l) 

-  .    ,      1      (."")() 

'      1.11)1 

V  1  1') 

5 , 4.(5 

6.211) 

l.i 

, 

(>..»J(I 

1,')(ll                         ,1  oriO 

^    (11  '    ! 

I.K(H1 

6 .  2H,t 

14 



.t.7IKl 

l.im 

1,"21                    1      4   mi    1    ,    ,  , 

6 , 6')(1 

6,  (12 



SMM) 



1,0(K) 

1,016 

1 ,  ilM    , 

1. .  (>')5 

6.255 

Id 

.';.«.'' s 

1,000 

4,')(»0 

...              1.100 

6.6')(1    :     

5.570 

17 

S.'IM) 

.1.0I7 

,    .,;    (.X2X 

5 . 060 

6.. (10        

5 .  7.10 

IK 

=•.'»»> 

4.11') 

, .    . !     .1 .  S')o 

1,045 

6..(55 

r>.042 

1') 

,S.i)I.S 

.(,')"./. 

,       .       i      4.KI2 

5.055 

I.K51 

li.W.i 

J(l 

.VJI5 

.i.oti 

1.1141 

5 ,  (14K 

5.20() 

6.1X0 

21 

4.7(K) 

1,1)44 

1,0<)6 

4,  HO 

6,  7  (0 

6.261 

Zi 

4,.(,'ll 

1,I).17    ,,  ,  ,  ,              1.0'),1 

.(.'). 10 

6.741 

6.411 

.S.illi 

1.0(>.t    !     i       1.004 

1.045 

6.720 

5..i<.'  ( 

24 

.1.1)2(1 

1,014                .       1       ,1,1(1(1 

5,011 

6.7  70 

1.6')( 

25 

.S,S7.1 

4.16')              .1     4. 42') 

S.MS 

6.577 

6.1')0 

26 

.1.7(10 

!      4,()S0   I,  .                   1,070 

5 ,  .yiio 

4.!*')  2 

1 .  s,(s 

27 

.S ,  4*).1 

1      S.OhK   1 1      1,022 

5 .  'HKl 

5.175 

5 ,  'J6') 

28 

4.21.S     1      .1.066     1      1,0,17 

4,5')7 

6 .  6X(' 

5.X5.1 

2« 

.t.i).f5 .1,0.16       .1.(H)0 

4..t4« 

ft .  4')5 

1   551 

.iO 

.I.OHO       ! '      4.UI0 

5 .  K65 

6.  (10 

5 .  267 

M 

.1.080   1 !      4,012 



5.XI4 

July. 

.AuKllst. 

Sept 

Mil  her. 

Ocl 

)her. 

Novcmlier. 

December. 

1 

6.(178 

10,001    1    .  ,       , 

6.448 

7,270 

7.0S7 

.1         5. 801 

2 

5  .  660 

10,072 

S   H*ll 

7,202 

7.  122 

6,4,1.) 

5.880 

1(1.077 

, 

6.470 

7,010 

6.  184 

6,725 

4 

5.472 

1) .  462 

8    408 

7 ,  080 

6  005 

7,001 

5 

5.402 

8.')5.1 

8 .  VH) 

7,078 

7  .  I')0 

6 ,  H68 

6 

5 .  OOS 

0,825 

8 .  (6.1 

6,  I'lO 

7 .  1 46 

6,65  5 

4 

5 .  .(•>4 

0.8.(7 

7.')07 

6,14.1 

7    10(1 

6,1  lo 

K 

5 . 8.(5 

0.714 

7 .  254 

7,06(1 

7,07.1 

5 .  S28 

g 

6.0.(2 

0 .  (.1.1 

7  .  266 

7  ,  060 

6.701 

5 .  860 

10 

11 

7,04,( 
8.074 

0..(.t2 
8,442 

8.057 
7 .  062 

7 , 0.10 
7.045 

6.175 

5  .  ')0S 

6.01.1 
6.07.1 

12 

8 .  285 

8 ,  200 

7.700 

7.  100 

6 .  568 

6,072 

It 



8.218 
7.576 

8 .  208 
8 .  246 

7,8.(1 
7,880 

6.')2.l 
7.020 

6  062 

14 

6 .  664 

6.675 

15 

7.4')4 

7.')6S 

7.260 

7 .  08.1 

6 .  ')55 

1.412 

16 

8.61.1 

7.048 

7,2.(4 

7.044 

7,041 

1.5.12 

17 

8,8.(1 

7 .  528 

7.812 

7.047 

5,261 

; .  267 

18 

8.148 

7.720 

7   570 

6.852 

6,511 

6.1)8  7 

1') 

6.081 



7 . 5.10 

6 .  006 

6.087 

6 ,  000 

6.850 

7.604 

8.416 

6.02i 



6 .  504 

7,015 

6 .  080 

21 

S .  6.i.t 

8.104 

6.588 

5.824 

7    08') 

6 ,  762 

.'.2 

8 ,  405 



6 .  865 

5.010 

7  ,076 

7    Oil 

l.'KHl 

8 ,  '),(6 

6.728 

6 .  06.1 

7,111 

7,0,11 

4.61(1 

24 

0.012 

6.0.(2 

6 .0.10 

7  ,070 

6 ,  1  74 

6    181 

25 

8,940 

5.885 

7, .115 

7,056 

5,')78 

1.011 

26 

0.061 

6,166 

8.892 

7,078 

7    (H)2 

4.501 

27 

8.  101 

6,614 

8.22.1 

6,1.15 

7.054 

5.005 

28 

8,572 

6.8.10 

7,170 

5.027 

7.047 

6.549 

2<) 

0 .  046 

7 ,  055 

6,080 

6.')68 

6.687 

5.762 

,11 

0 .  560 

10,087 

7    152 

7,177 

7,0>4 

7,076 
7    112 



6.422 

5.117 
6   711 
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Table  61. — Daily  Discharge  of  Rainy  River  at  Fort  Frances,  Ontario — Continued. 


1913. 


Day. 

January'. 

February. 

March. 

April. 

M 

ay. 

June. 

Gauue 
IloiKht 

Dis- 
charge. 

(iaUKe 
lleiltht. 

Dis- 
charge. 

Gauge 
Height. 

Dis- 
charge. 

Gauge 
lleigllt. 

Dis- 
charge. 

CiauEe 
Height. 

Dis- 
charge. 

Gauge 
Meiglit 

Dis- 
charge. 

Kept. 

Si't.-fl. 

Feet. 

Siv.-ft. 

Feet. 

Sec. -ft. 

Feet. 

Sec.-ft        Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

1 
2 
3 
4 
S 

6 ,  80.^ 
6 .  7i),S 
6.827 
6,978 
5.980 

6,841 
5,647 
6,. (85 
6 .  864 
6.887 

6.850 
5.602 
5.675 
6.749 
6.751 

6.846 
6.246 
5.870 
6.187 
6,634 

6.826 
6.831 
6.814 
5.978 
6,331 

5.535 
6.216 
6.960 
6.852 
6.868 

6 
7 
8 
") 
10 

5.216 
6,858 
6,796 
6,892 
6,920 

.    .  .  .  . 

6,895 
6,853 
6 , 9(M) 
5 ,  738 
5,849 

6.900 
6 .  905 
6.919 
5 .  840 
5.725 

4,406 
5 ,  438 
6,621 
6,801 
6.865 

6,827 
6.827 
6.814 
6.881 
6.820 



6.904 
6.820 
6.273 
6,343 
6.795 

11 
12 
13 
14 

15 

6.921 
5.778 
6.124 
6.911 
6.932 

6,879 
6,884 
6,878 
6,872 
6,853 

6.7.50 
6,780 
6,716 
6,798 
6,739 

6,792 
6,783 
5,883 
5,419 
6,715 

5.938 
6.172 
6.761 
6.788 
6.730 



6,870 
6,911 
6,902 
7,052 
6,729 

16 
17 
18 
19 
20 

6,941 
6.909 
6,947 
6.015 
5.073 

5,618 

5,477 
6,865 
6,877 
6,853 

5,464 
5 ,  653 
6,7,10 
6,747 
6,682 

6,837 
6,801 
6,716 
6,751 
5,324 

6.765 
6.820 
5.994 
6,163 
6,772 

6,398 
7,492 
7.410 
7 .  336 
7.473 

21 
22 
23 
24 
25 

6.956 
6.945 
6,909 
6,93, 
6,955 

6,894 
6,844 
5.631 
6,054 
6.864 

6,752 
6,715 
5 ,  598 
4,921 
6,840 

6,254 
6,. 168 
6.706 
6.758 
6,7^6 



6,796 
6,777 
6 .  760 
6,785 
6,162 

7.468 
6,689 
7,324 
7,814 
7,840 

26 

27 

2K 

5,896 
6,273 
6.856 
6.928 
6,977 
6.981 

6.847 
6.830 
6.8.i0 

6,813 
6,811 
6.775 
6.800 
5,946 
5,990 

6,746 
5,873 
6,180 
6,696 
6,913 

6,088 
6,749 
6,550 
6,889 
6,896 
6,906 





7,856 
8,798 
8,832 
9  673 

30         

9  863 

31       



July. 

August, 

September. 

October. 

Xovember, 

December. 

1 

11.023 

9.490 

5,251 

6.126 

5 .  965 

5.823 

2 

1 1 . 058 

8,829 

6,328 

6.892 

5.406 

6.980 

3 

11,004 

9.223 

6,935 

6.980 

5.445 

6.987 

4 

11,606 

9.048 

7,019 

6.970 

6 . 1 1 0 

6.540 

5 

1 1 , 438 

9,1.14 

6 ,  703 

6.456 

6.055 

6.077 

6 

11,. 503 

9.1.19 

6,997 

6.040 

5.994 

6.542 

7 

10,343 

9.176 

5.885 

8,565 

6.080 

5.4.iO 

8 

10,106 

10.414 

7.262 

6,435 

6.075 

5.877 

9 

9,633 

10.022 

6.821 

6,633 

5.493 

6.901 

10 

10.820 

9.503 

7.016 

6,920 

5.;,s9 

6.930 

11 

13.475 

8.758 

7.014 

6,940 

6.105 

6.864 

12 

13.510 

9,108 

6.964 

6,207 

6.100 

6.963 

13 

12.246 

9,076 

7,010 

7 ,  389 

6,115 

6.944 

14 

13,5.19 

9,207 

6,238 

7,170 

5.889 

6.222 

15 

14.493 

9,264 

6,455 

6,932 

6.222 

6.. 191 

16 

13.715 

8,968 

6.960 

6,257 

5.310 

6.974 

17 

14,."!76 

8.758 

7.094 

6 ,  360 

5 .  242 

6.778 

18 

14.243 

8 ,  654 

7.fKK) 

6 , 1 50 

6.115 

6.988 

19 

15.290 

9,019 

6 .  985 

6.048 

6.005 

6.988 

20 

14.019 

8,914 

6.975 

5.545 

6.440 

6.966 

21 

13,187 

9,1,16 

6.535 

6.080 

5.675 

6.205 

22 

13,221 

9,118 

6.909 

6.140 

6.558 

5 .945 

23 

13.254 

8,888 

7.060 

6.105 

6.237 

(> .  095 

24 

13.331 

6.232 

7.026 

6.100 

6.468 

6.118 

25 

13,225 



7,229 

7.015 

6,120 



6.780 

4.908 

26 

13.262 



7,022 

6.994 

5,474 

7 . 1  75 

4.608 

27 

12,802 

6,965 

...    . 

6.915 

5,5.50 

6.931 

5.201 

28 

12,844 

7,005 

6.121 

6,070 

6.979 

6.225 

29 

13.292 

6,967 

6.600 

6,10.5 

6.606 

5.525 

30 

13,732 
9,794 

6  665 
5,660 

7.030 

6.026 
6,075 

5.519 



6.095 

31 
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Table  61.— Daily  Discharge  of  Rainy  River  at  Fort  Frances,  Ontario  — ("ontimied. 

l'l|4. 


Day. 

January.         |        February. 

M. 

irih. 

April. 

May, 

June, 

(iaUKC 

Dis- 

C'.auRf 

Uis- 

(.auw 

Gauiie 

Dis- 

OU- 

lleiKlit 

charue. 

llclKht 

cliarse.  llleiiilir 

1  liarue. 

lleiKht 
Feet. 

rharne. 
Sx.-ft. 

HeiiElit 
Feet. 

charije. 

MelKlit 

charKe, 

Ket't. 

Sec.-ft. 

Feet. 

Set.-ft. 

Feet. 

.Sec.-ft. 

Sec.-fl. 

Feet, 

Si-c.-ft, 

1 

6,070 

6.4,(9 

6,164 

6 .  898 

6.868 

7,874 

6,5S6 

6.4IK 

6 .  99K 

6.  784 

8  8(4 

6,949 

6.9H0 

6.912 

5 .  988 

7,0IHI 

6 .  «96 

6.892 

6 .  .(96 

9  04  ( 

7,020 

6 .  956 

6,050 

6 .  598 

8,749 

6 

O.M.i.S 

6, 9 IX 

6.942 

6,  (20 

6.798 

8.792 

6.9;h 

0,922 

6 , 9.(6 

6.840 

6 , 4(.H 

5.775 

6.916 

6.788 

7,7S.( 

6,4»i 

6.. (94 

6,918 

6.752 

9  054 

6,970 

7.064 

6.928 

5.997 

9.421 

11 

6.->lS 

6,978 

7.(K)(> 

6,910 

6.214 

8.<>06 

7,07« 

7.0.(0 

6.077 

6.8(t2 

8  415 

7,0.5(1 

6,9«& 

6.244 

6. 814 

8    860 

6,944 

7,016 

6 .  902 

6.842 

6  67  ( 

6, ,112 

5,589 

6 ,  895 

6.846 

7,20J 

16 
17 

6.980 

6,4)6 

6., (84 

6,894 

6.818 

8,686 

7,2H(I 

6 ,  950 

6,9.(2 

6.269 

8  95  ( 

6.245 

6,744 

7 . 1«)2 

6.852 

6.  J 72 

9    126 

6,455 

6,97,>< 

7.022 

5.878 

6 .  804 

9,070 

7.042 

7.006 

6 .  28(( 

6.818 

9,050 

21 

6,9.50 

8.02.i 

7.016 

6 .  9IKI 

6.864 

6.968 

5 .  967 

6.180 

6.8,(4 

6.8(2 

7,644 

6.410 

6.. (92 

6.868 

6 .  856 

8,745 

25 

6.974 

6 .  958 

6.878 

6.102 

8,916 

6.. (26 

6 . 9«H     

6.850 

6.876 

6 .  620 

9,466 

26 

7,140 

7.01S 

6,944 

6.052 

7 .  .(98 

9,504 

7 , 0.(6 

6,99,S 

6,928 

6.252 

7,4.(2 

9.104 

29 

6 ,  95« 

7.020     

6,928 

6 .  862 

7,940 

6,606 



6,056 

6 .  796 

8.6,(0 

8,198 

6.6«5 

6,270 
6 ,  HHO 

6.856 

8,954 
6 ,  96.( 

8,570 

Jl 

8 
9 
10 

11 
12 
1,( 
14 
15 

16 
17 
18 
19 
20 

21 

22 
2.( 
24 
25 

26 
27 
28 
29 

,(0 


July. 


7.778 
8. ,(16 
8.9h„ 
8.416 
6.184 

7.216 
10.(158 

9.829 
10., (46 
10.669 

10,7,(9 
7,815 
10,756 
11,02.( 
10,953 

10,9,(.( 
11,(76 
11,819 
9,50J 
10,472 

12,0<il 
12,441 
12,775 
12,541 
12,445 

10.77,( 
1 1 ,  50,( 
12.262 
12,522 
11,247 
10,65/ 


AuiiU,st. 


I0,70,( 
8,,(.(1 
9,081 
10,984 
10,854 

10,9,(7 
10,772 
10,895 
8,816 
9,021 

10,907 
10,948 
10,902 

111,855 
10,877 

7 ,  7.(0 
8.61s 
10.654 
10.746 
10.599 

10.578 
10.549 
8.. 549 
8.871 
10,607 

10,609 
10,628 
10,658 
10,()28 

7    7(1; 

8!  725 


Si'iitembcr, 


10,410 
10,580 
10,540 
10,528 
10,528 

7 , 6.(0 
4.2  70 
9.216 
10.599 
10.600 

in. 590 
10.570 
7  .  7  I  .( 
8 .  889 
10,600 

10,522 
10,520 
10,51.( 
1U.5(X) 
8.(J45 

8.848 
10.512 
111.542 
10,505 
1C.515 

10.414 

8.187 

8 .  67.( 

10.520 

10.. (85 


ber. 

November. 

DecemlfC' . 

10.520 

7,(rf)l 

11,040 

10.510 

X ,  9.(5 

10,929 

l(t.(8)5 

10,8.(9 

Il,(Mi9 

7.019 

10,778 

10,853 

8.651 

10,821 

10,399 

10.  (5( 

10,781 

7 ,  458 

10.570 

10,7X8 

8,272 

10.454 

8,271 

10,661 

10.482 

9,  170 

11,171 

10.54U 

10,788 

10,711 

7,641 

10,810 

10,740 

S,8(,( 

10,8(81 

10,9.(8 

l(t,5ll8 

10,.5(Ki 

7,225 

9 . 9'.0 

9  .946 

8,684 

9.269 

i  ,  7S,( 



9,(08 

9 .  6m 

8,959 

10,218 

9 ,  6X0 

10,2X5 

9 ,290 

7  .  45(1 

10,7(.2 

9,925 

X,.(71 

11,134 

9,991 

10,5.(.( 

10,744 

6,911 

10,462 



11,145 

7 ,  S34 

10,671 



X,192 

9,124 

10,991 

9,190 

9,31.! 

10. (97 

11,059 

9 .  666 

7,007 

10,911 

3,448 

8,977 

10,891 

1,224 

10,648 

10,003 

3,710 

10,848 

9,416 

8,318 

10.808 

8,317 

9,9.50 

10, SOI 

8   Kl 

1»,4)0 

10.739 

,,,    , 
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Table  61. — Daily  Discharge  of  Rainy  River  at  hart  Frances,  Ontario — Concluded. 


Day. 

January. 

February. 

fiaiige 
HiiBht. 

Ui- 
charge. 

(iaugi' 
Height. 

Dis- 
charge. 

1  .                               

Fc-et. 

Sc-i.-ft. 

10,  (»2 
10., UO 
6,610 
'(,0.(0 
10,460 

10,0.'!  2 

lo.o.s; 

10,277 
10,. tM) 
6.'J»1 

8.6.VS 
10, (52 
10,.(,((l 
10,1,(7 

)(.5'.)5 

<l..565 
').18.( 
8.220 
»  555 

Feet. 

Sec.-ft. 
7. 153 

2..                                      

8,292 

3                                                                                   

8.175 

4                                                                                       

8.291 

5                                                                          ...           

8,083 

A                                                           

8,281 

7   .                                      .    ,             

6.792 

S                ,                          , 

7.19( 

8.245 

10                                       

8,247 

8,  (60 

8.178 

\,\                                          ,  , 

7.740 

14                                                                                                             

15                                        

17                                                             

9.545 

'J ,  508 
9.451 

8.!;82 
7.9.(8 
8.714 

9,425 
8,807 
8, .561 
9.090 
9,201 
7,529 

21                                                                               

22..            

26                                     

27 

29                                                                                        

Winnipeg  River  Power  and  Storage  Invesligations. 
Table  62.~Monthly  Discharges  of  Rainy  River  at  Fort  Frances. 

[Drainage  Area  14,400  Mjuarr  mileii.] 
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Jamiiiry 
February    . 

March 

April 

May 

June 

July 

AdKust. .  . 
Sfpti'mlnT. 
OtttilM-r  . . . 
\ov»-niJ«'r. 
Uen'mtHT. . 


The  year. 


January- 
February  .  . 

March 

April 

May 

June 

July 

AURUSt.-     .  , 

September.. 

October 

N'ovemb^T , 
Deveniber.  . 


DiSl  lIAKt.E    IN    SE<()Nn-FEET. 


Maximum. 


U .  ift5 
7,710 
1  .  SfK) 
i.7(M» 

(I.HfMt 
(),4MI 


The  year 


January.  . 
February . . 

March 

April 

May 

June 

July 

August. . .  . 
September. 
Octoljer, . . . 
XovemJ>er. 
Decern  lier. . 


The  y. 


January- .  . . 
February. . 

March 

April  . . 
May 

June 

July 

AUKUSt  .  ,  . 
l^piember. 

()itol)c»-.  .  .  . 
November. 
Deieniber.  . 


The  year. 


I  < ,  4.«) 
I  I . K  SO 
10. (MN) 
8 .  ft.Ul 


fi.  240 

N,4U» 
0 .  'WK) 
1  ..II  HI 
A .  7(K» 
O.WKt 
0..«)0 
H.K60 


4 .  AAH 
4.4KO 
")..S)H) 
11.700 
IS. 170 

\H   NSO 
U.,SSO 


'Estimated. 


863715— 29 


I. ',.'2(1 
1 1 ,  S7n 
ni,o<«) 

H,7II) 
6,720 


4«4 

72f. 

y ,  020 

7,. (20 
7.Q40 
7 ,  020 
3,. ^20 


1  ,t ,  1)00 

6,000 

1 2 .  ,?rio 

7,<)7n 

II  .MOO 

S ,  .SQO 

«,,«0 

.f,ftlO 

6 .  S20 

,i,740 

Vf70 

4,<>S0 

ft ,  ft40 

2 ,  .140 

V ,  WK) 

1  . 7.S.S 

M.-.in. 


.■> ,  Ktl.t 

1,641 

4,UI0' 

4 .  'I'lS 

6,070 

1(1,  2IH) 

I l.(HNI 

17,470 

211.110 

l'l.7(.0 

1  7.  7(NI 

1  MWKI' 


I  2 , 000' 

S,41(|l 

7,(l.l(|l 

6,020' 

7,M4(|i 

11.410' 

1  1 .  060 

1 2 . 6d0 

10.740 

'<.6tl0 

7.S10 

5.701 

()..t.50 


.5 ,  1 70' 
4 ,  740' 

a ,  .^00' 

.1.2.S0 
4,220 
6 ,  S.SO 

lo.riOM 

10,600 
'1,250 
1 ,  o.so 

.'i,41HI 
10,(K)0' 


IVr 

>ciu.ir 


0  KN 
0  2'>i 
0  ,141 
0-144 
o  422 
0   70» 

0  1)04 

1  214 
1  wx 
1    17.1 


RCN-OFP, 


in  jf1<  lira 

on 

Drajiuixe 

area. 


0  472 
0-26.1 
0  IV4 
(I  .IK4 

0  4«7 
0-7<<I 

1  -042 
I  >4(K) 
I  v^5() 


7.0.S2 


').6sn' 

<(.6H(I' 
I0,7.S(1' 
10,6(K) 
10,6<KI 
10,000 
6 , 6  10 
S,2«0 
.«,0K() 
.'.120 

s .  2m 

4.100 

7 . 7.S0 


1               1    210 

1    .172 

!                0  ■>04 

1    (142 

Dltl 

10   7') 

OS  14 

0  <)ft2 

j                 0.,SH4 

0  60K 

I                 0-4K'> 

0  564 

1                 0-41K 

(!   466 

1              0..S.S2 

0  -  6  16 

0   7()4 

0  (IK6 

0  goK 

1    (147 

0.IIK2 

I'Ol? 

0   747 

0-SJ2 

0  672 

0   776 

0  ."122 

0  -  SKi 

U  MX, 

0457 

0-650 

8-H.l 

0    1 5() 

•)  414 

0  .12(( 

0    14,1 

O.lHi 

0441 

0  226 

0  252 

0  2i».l 

0    IIH 

0  476 

0   511 

0   716 

0.X.50 

0   7,16 

0.H50 

0  641 

0-717 

0  62X 

0-72h 

(>■  17,^ 

(1  41IJ 

0  ft'J.S 

0  »02 

0  4')0 

A-6K 

_ 

0672 

0-776 

0  672 

0-700 

0   74S 

0-K62 

0   716 

0  »>2 

0-7.16 

0-»5() 

O-ft'),'! 

0-775 

0-461 

0   5,12 

0-167 

0  42,1 

0    ISl 

C   .11)4 

0-  15f, 

0   410 

0-167 

0  40<) 

0  2')(» 

0   .145 

O-iW 

7    .10 
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Table  62. — Monthly  Discharges  of  Rainy  Rivet  at  Fort  Frances — Concluded. 


Month. 


chru.try .  . 

Manh 

April   

Miiy 

June 

Jul- 

AuuiiHt . . .  . 
Seplcuibrr. 
Oc  toht-r  . . 
Novenjbfr. 
Decern  btT. . 


The  year. 


January. . . , 
February. .  . 

March 

Anril 

\Iay 

June , 

July 

Auyuj't 

September. 
October. . . . 
November. 
DecenitH'r. . 


The  year. 


January. ,  .  . 
February. . . 

March 

April 

May 

June 

Juli 

AUKU.it 

September. 
October  . . . 
November. 
Detmiber. 


The  year. 


1914 


January . .  . 
February. . 

March 

April 

May 

June 

July 

AU8U>it.  .  .  . 
September, 
October  .  . . 
November. 
December, . 


The  year. 


Oi&ciiAnr.F,  IN  SicoND  FarT. 


4.  (KM) 
fi.iio 
«.i40 
r. .  H40 
7 ,  Jio 

6.XK(» 
.S .  K9() 
6.070 


ft 

22(1 

s 

M(l 

5 

Kill 

^ 

UIHI 

ft 

770 

ft 

42" 

10 

1110 

w 

100 

K 

H<)0 

t 

2K0 

7 

2(XI 

7 

267 

10.100 


ft.')"8 
A.WH) 
6. 019 
ft, 01.! 
ft.'JOfi 
O.Sfit 
1 S . 200 
10.414 
7.2ft2 
8..';ft.S 
7,17.'! 
ft,  088 


15,200 


Minintuni. 


.140 
02.) 
()ft4 
90S 
,05; 
^1  ■ 

!o«4 
,  ftOi! 
,001 
,145 
,171 


Mean. 


2,17(1 
2.740 
,1.740 
1  .0(K) 
.(,570 
4  7.(11 
4.. (211 
4 ,  02U 


(.700 
.),080 
.(.5(i(> 
,(.ft2ll 
4,8l«l 
5.. Mil 
5.150 
5 ,  880 
5,  soil 
5,820 


2 ,  8ft<l' 
2,. (Kill 
2,5  ((|l 
.(.020 
4.MMI 
5.;  Ill 
(.0,11 
(..5MI 
5,090 
5.210 
5,410 
5,90(|l 

4,514 


5,. (.ill 
4.8.10 
4.740 
4.850 
(,,1100 
(1.1120 
7,(i80 
8,  1211 
7,,t(i(l 
6,8811 


5,26(1 

6   7.(0 

4,501 

6,280 

3,560 

6,24,( 

5,07.( 

6 ,  620 

5,477 

6,561 

4,021 

6,420 

4,406 

6,405 

5 , 9.(8 

6,620 

5   5.(5 

7,274 

9.6,(i 

12.507 

5,660 

.1,544 

5,251 

6,7711 

5,474 

6 , .( 1 S 

5 ,  242 

t .  1 29 

4,608 

6 ,  .(09 

7,214 


5,402 
5,067 
5,580 
5,878 

5 ,  088 

6 ,  606 
6,184 
7,7.(0 
4.270 
7,019 

7 ,  78.1 
1,224 


1.224 


6,718 
6,82.( 
6,707 
6,604 
6 ,  86,1 
8,464 
10,464 
10,044 
0,740 
0,787 
0,927 
8.994 


8 , 4.(6 


Pit 
ifjuare 
mite. 


0  lO") 
0  165 
(I  176 
(12111 
O  (20 
(I  (00 
0  2  76 
O  456 
0  416 
O  (62 
0  ,(76 
0410 

0.114 


RUN-orr. 


0..(70 
0-.l,(6 
0  .129 
0-.((7 
(I  42( 
0  418 
0  5(4 
0  564 
0  512 
0  478 
0-468 
0  4i6 


0  4  54 


0-460 
0  156 
0  446 
0  445 
0  460 
0  506 
0  876 
0  594 
0-470 
0  -  4.19 
0-426 
0  4,(8 


0  501 


0-467 
0  474 
0-466 
0  465 
0-477 
0-588 
J -727 
0-608 
0-677 
0-680 
0  600 
0-62." 


Depth 

in  inches 

on 

OruiniiRe 

area. 


O  220 
0-172 
O  2(1.1 
0  2(4 
O  (69 
O  44S 
O  (18 
0  526 
0  464 
O  418 
O  410 
0-47.1 


4-27 


0  427 
0  .149 
(I  180 
0-  (7ft 
0-488 
0-4ft7 
0  61ft 
0-651 
0  570 
0-552 
0-522 
0-504 


5-90 


O-S.IO 
0-474 
0-514 
0-497 
0-5.11 
0  5ft4 
1-010 
0  685 
0-525 
0.505 
0-475 
0-506 


6-82 


0-5.1o 
0  493 
0.5,18 
0-510 
0-5.50 
0  ft56 
0  8.(9 
0-805 
0-756 
0-784 
0-770 
0-721 


0-586  I 


7-97 


•Estimated. 


Winnipeg  River  Pmctr  and  Storage  I: -estimations. 
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KITTI.l.  H    AT    ril.\ri)IKRK    I  AI.I.S    (kKTTLI;    lAI.I.S). 

Louition  of  Caiii^e.^-Xx  a  |"  ini  on  tlic  Cana.lian  mainshon-,  200  tet-t  al<ove 
the  falls  on  tlu-  (anadian  thaniu'l  at  the  outlet  of  Xaniakan  lake. 

Records  availahle.'    .\\\^us\  8,  V)\2,  to  May  12.  191.V 

Drainaur  «/•<•«,  --7,060  s<|uare  miles. 

r/;(;««e/5.--IVniianent.  l)e(l-r':.k. 

Dischari>e  Measurements.  \)\si\v,nge  measurenient.s  have  been  made  by  the 
Manitoba  Hytlrographic  Siirvev-  Miue  August.  !<)12.  As  the  Kettle  fall's  ,ire 
divided  by  an  rslaiul,  this  necessii.ited  measurements  at  sections  above  each 
fall.s;  the  combined  flow  of  both  sections  Riving  the  t.tal  discharge  from  Xania- 
kan lake.     The  si-ctions  in  both  cases  are  directly  above  the  crest  of  the  falls, 

If'(>;/<'>-  Flow.  As  the  gauge  is  located  just  above  the  f.ills  on  the  Canadian 
channel,  the  station  is  not  affected  by  back-water,  and  the  open  water  discharge 
table  is  ap|)licable. 


Table  63.  -Discharge  measurements  at  Cliaudierc  falls  (Kettle  falls)  Rainy  river. 

[Urainaiio  Area,  7.060  Sfjuari-  liiilci,] 


iMKKN.trlllSAl.    ClIA.V.VKL. 


Date. 

Ilyclrunrapher. 

Meter 
No. 

1 

Width. 

Area  of 
Section. 

Mean 
Wloeily. 

Gauge 
Ileinht. 

I>i9charge. 

1912. 

Auk.      8 
Sejit.      6 
Sejit.      9 
Sept.   JO 
Nov ,      4 
Nuv .      2 

191.S, 

Jan.     10 

S.  S,  .S<-ovil 

Alex.  I'irie 

W.  11.  Kkhardson 

.A.   Pirie 

R.  11,  Xel.wn .■.;. 

R.  H.  .Nelson 

A.  Pirie 

l.,!74 
1.197 
1.(74 
1.187 
1.196-7 
1.196-7 

1.462 
1.462 
1,186 
1,197 

Feet. 

213 
213 
213 
2U 
21  i 
213 

208 
208 
210 
223 

Sq.-ft. 

4.3.'!1 
4..i.vt 
4,318 
4,341 
4.156 
4,193 

3,981 
3,981 

3,888 
5,246 

Ft,  per  wc. 

0  •  769 
0-680 
0-643 
0-587 
0  481 
0-485 

0  .U 
0-328 
0-284 
1-22 

Feet. 

3  -  34 

2-72 
2-77 
2   32 
1    65 
1  -66 

0-80 
0  80 
0-27 
6  08 

Sec.-tt. 

3.345 
2,960 
2.775 
2.548 
1.999 
2.037 

an.     lU 

1.312 

.lar.   17 

" 

1.298 

Hay    31 

" 

1 .  tos 

6.375 

t  XNADIAN  Channel. 


1912. 
Aug.      8 

S.  S   Sc-ovil 

.Sept .     6 

A.-      e 

Sept.     9 

W         Richardson 

.Sept.   29 

A.         e 

Sept.   30 

Nov.      2 

R.  t  .  Nelson 

Nov.      4 

*' 

1913. 
Jan.       9 

A.  Pirie 

Jan.       9 

.Mar.    15 

" 

May    31 

"        

1,374 

1,197 

1,374 

1,187 

1,187 

1,196   7 

1,196-7 

1,462 

1,462 

1,186 

1,197 

119  5 
1150 
118-0 
114  5 
114  5 
108-0 
108 -U 


102-0 
102  0 
102-0 
182-5 


1.27? 
1.207 
1.181 
1,198 
1,191 
1,100 
1,184 


975 

975 

936 

1,719 


1-127 
0-902 
0-797 
0-752 
0-7(K) 
0-496 
0-517 


0-3.16 
0  3.13 
0  226 
2-38 


8  35 

2-71 

2-73 

2  375 

2-31 

1    67: 

1-66 


0-80 
0-80 
0-28 
6-06 


1.435 
1.088 
942 
901 
834 
546 
561 


128 
324 
212 

4.1188 


86376— 29i 
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Table  64.  -Daily  discharge  at  Chaudiire  falls  (Kettle  falls)  Rainy  river  fboth 

channels.  I 

[Drainage  Area.  7.060  xiuarc  milei.) 
t«l2. 


July.           1 

Aug 

unt. 

Din- 

i  hargf, 

S<-i-,.ft, 

.Srptrnitirr. 

Octubrr. 

Novi- 

miMT. 

Di<- 
rhargc. 

S«-.-ft, 

2,534 
2.479 
2.44ft 
2 . 4 16 
2 ,  393 

2.372 
2 ,  1 19 
2 .  ,107 
2.107 
2.286 

2.276 
2.276 
2.265 
2.235 
2,215 

2,265 
2. 235 
/.184 
2.204 
2.235 

2.184 
2.164 
2.144 
2.124 
2,104 

2.(184 
2.144 
2.184 
2.084 
2,144 

('•ailgr 
Meight. 

Feet. 

1   20 
I   20 
1    2(1 
1    20 
1    20 

1    20 
1    19 
1    15 
1    1(1 
1    10 

1  -1(1 
1    10 
0  9(1 
O-iKI 
0  W 

0-8(1 
(1    80 

0  80 

1  -00 
1  -(H) 

1    (Kl 
1    (Ml 
0  90 
0  -  90 
0   90 

0   90 
(1   90 
0-90 
0-90 
0  -  'Ml 
(l-'IO 

mbrr. 

1 

2 

Cauge 
tli'ight, 

Krft. 

I)U- 

1  hargp. 

Si.-d. 

I'tallgr 
lli'ight. 

Kelt. 

(iaugr 
lli-iglil 

hVrt. 

2  63 
2   59 
2   51 
2  -  S3 
2-72 

2   70 
2-70 
2-70 

2-80 
2   80 

2  80 
2-80 
2-78 
2-71 
2-70 

2-68 
2-62 
2   59 
2   52 
2   52 

2-48 
2   46 
2  4(1 
2-42 
i-42 

2  40 

2-3S 
2-35 
2-,t8 
2-31 

tliargf. 
Src,-ri. 

3 ,  790 
3.710 
3.632 
3.632 
3.870 

3.870 
3.870 
3,87(1 
4.015 
4.035 

4 .  (I3S 
4.  (lis 
4 .  (IIS 
3.87(1 
3.87(1 

3,87(1 
3,7111 
3,710 
3,555 
3.555 

3.555 
3.479 
3.4(15 
3.40S 
3.4(15 

3. 405 
3., 12') 
3,329 
3,405 
3,255 

( iauge 
llrlgllt. 

Feet. 

2-29 
2   20 
2-18 
2   22 
2   2^ 

2-24 
2  25 
2-22 
J   20 
2   18 

2-17 
2   16 

2-lS 
2    15 
2    10 

2  (18 
2-07 
2  02 
1    95 
1   94 

1   92 
1   9(1 

1  -87 
1    86 
1-83 

1  -80 
1  -78 
1-72 
1-70 
1    72 
1    77 

cliarge, 

Set.-ft, 

3.2SS 
1.115 
,1,115 
3,115 
3,185 

3,185 
3.18S 
3,111 
3,115 
3,115 

3,047 
3.047 
3,047 
3,(147 

2.980 

2  .  980 
2.917 

2.855 
2.792 
2.780 

2.  755 
2 .  730 
2  ,  695 
2,684 
2  649 

2,615 
2,592 
2,523 
2  ,  500 
2,523 
2.581 

Gauge 
Height. 

Feel, 

1-73 
1   ftM 
1   65 
1   64 
1   611 

l-SH 
1-55 
1-52 
1   S2 
t-SO 

1    49 
1    49 
1    48 
1    45 
1   43 

1    48 
1    45 
1    40 
1  -42 
1   45 

1    40 
1,18 
1-16 
1-34 
1    .\2 

1   ,10 
1    tft 
1  -40 
1   .10 
l-ift 

IJi«- 

rtiargc. 

.S<i-.-ft, 

1  ,980 
1  .  989 

.{ 

1,989 

^ 

t  .14 

J -.14 

.1  ,1.1 
.1  2.1 
.1    1.1 
lift 
I'M 

.1   (IS 

.i-(i; 

.l-OS 

.1(11 

2-1)8 

2  <)ft 
2-<XI 
2-85 
2-84 
2-81 

2-75 
2-7,1 
2-75 
2-7,1 
2-71 
2-fti) 

4!')07 
4. 'Ml 
4,')')7 

4 . 0')? 
4.814 
4 .  ')')7 
4.6.17 
4.6.17 

4.5S(I 
A  .  462 
4.462 
4..17S 
4,175 

4,281) 
4 .  2(15 
4.11") 
4,119 
4,  (US 

,1.952 
,1,952 
J,  95  2 
.1.952 
3.870 
3,870 

1,980 

1,'79 

8 

l,')42 

10 

1 ,  8<)6 

11 

1  , 8'»ft 

\l 

1 .  896 

\3 

1,718 

U 
15 

16 
17 

1  ,718 
1,7IB 

1,616 
1  .636 
1.636 

19 

1  .  803 

20 
21 

1  .  803 
1,803 

22 
2J 

1,718 
1,718 

1,718 

1,718 

1,718 

1.718 

29 

1.718 

30 

1,718 

31 

Day. 
1 

2 
3 
4 

a 

A 
7 
8 
0 
10 

II 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
2.1 
29 
30 
31 


January. 


0  ')0 
(I  90 
0-8(1 
0-80 
0  80 

0  80 
0  8(1 
0-80 
0-80 
0  80 


0 

80 

0 

8(1 

(I 

80 

0 

80 

0 

80 

0 

8(1 

0 

80 

0 

8(1 

0 

70 

0 

70 

0 

70 

(1 

70 

0 

70 

0 

70 

0 

70 

0 

-70 

0-60  ! 

0 

-60 

(I 

-60 

0 

•60 

1.718 
1.718 
1  . 6 16 
1.636 
1.6.16 

1.636 
1.6.16 
1.616 
1.636 
1.6,16 

1.6.16 
1 .  636 
1.6.16 
1.636 
1,636 

1,636 
1 ,  636 
1,636 
1,6.16 
1,561 

'.561 
1.561 
1.561 
1.561 
1,561 

1,561 
1.561 
I  .486 
1,486 
1,486 
1,486 


February. 


0-60 
0  60 
O  6(1 
0-60 
0  60 

0-60 
0.50 
0-50 
0-50 
0  .SO 

0  =0 
(I  5(1 
0-50 
0-50 
0-50 

O-'T 
0-40 
(I  40 
040 
0-40 

0  40 
0  40 
0  40 
0  40 
0  40 

0.10 
0  .10 
0  .10 


1.486 
1.486 
1.486 
1  ,486 
1.486 

1,486 
1.418 
1,418 
1,418 
1.418 

1  ,418 
1.418 
1  418 
1,418 
1,418 

1,418 
1,,157 
1.357 
1,357 
1,357 

1,357 
1,.I57 
1,357 

1,357 
1,357 

1,297 
1.297 
1.297 


March. 


0  -  .1(1 
0  311 
(I  ,10 
(I  3(1 
0  -  ,10 

0-30 
(I  -to 

0  -  ,1(1 
0-10 
0-20 

0-20 
0  24 


(•-28 

0  28 
0-27 
0-27 
0-27 
0-26 

0-26 
0-26 


0 

27 

0 

28 

0 

29 

0 

28 

0 

28 

0 

28 

(1 

27 

0 

25 

0 

2.^ 

1  ,  297 
1 ,  297 
•  ,297 
1,297 
1,297 

1.297 
1,297 
1.297 
•1.297 
1.213 

1 .  243 
1.264 

1.27(1 
1.281 
1,286 

1.286 
1.281 
1.281 
1.281 
1.275 

1.275 
1.275 
1,281 
1,286 
1,292 

1,286 
1.286 
1.286 
1.281 
1.270 
1.2.59 


April. 


May. 


0  23 
0  23 
O  25 
(1-25 
0-26 

0  26 
0  26 
0-26 
0-27 
0-27 

0-27 
0-28 
0-32 
0-48 
0-58 

0-72 
0-85 
1-00 
1-10 
1-28 

1-40 
1  SO 
1  -65 
1-75 
1-90 

2-05 
2-15 
2-10 

2-42 
2-50 


1 .  25') 
1  259 
1.27(1 
1.270 
1.275 

1.275 
1.275 
1.275 
1.281 
1,281 

1.281 
1,286 
1  ,  ,109 
1,406 
1,472 

1,576 
1,677 
1,803 
1,896 
2.065 

2.184 
2.286 


2-65 
2-75 
2  85 

2  95 
3-05 

3  05 
3  20 
3-35 
3  42 
3-50 

3  60 
3-80 
3  72 
3-80 
4-00 


2.917 
3.048 

3,255 
3,405 
3.555 


4  60 
4-70 

4  82 
4-90 

5  (H) 

5-15 

5-25 
5-38 
.5  .iO 
5-78 
6-05 


3 . 7')0 
3.952 
4.119 
4.289 
4.462 

4.462 

4.725 

4 .  997 

5 ,  <ym 

5,280 

5,470 
5,865 
5.665 
5.865 
6.275 

6.480 
6,685 
6.890 
7.095 
7,197 

7 .  505 
7,710 
7,915 
8,118 
8.325 

8.532 
8.737 
9.145 
9 . 3.5U 
9.965 
10.477 


June. 


-.10 


6 
6  50 

6  68 
6-78 
6-94 

7  02 
7  10 
7    1.' 

7-16 
7-22 

7-22 
7-22 
7-22 


10.990 
11.400 
11,810 
12.015 
12.. U2 

12,425 
12,6.10 
l.'.6.t0 
12,732 
12,835 

12,835 
12,835 
12,835 


Winnipeg  River  Power  ami  Storaiie  Invesligalions. 


45? 


1,616 

1  .6.16 

1.616 

l.W).) 

1  .  H().I 

l.XO.I 

1  .  Kd.l 

1.71» 

1.71H 

i,;iM 

1,/lH 

1.718 

1.718 

i.;ix 

1.71N 

t.71K 

le. 

Table  65. —Monthly  Discharge  at  Chaudihe  Falls  (Kettle  falls)  Rainy  River  (both 

thannels.  i 

[Uiuinugi- Arfii.  7.l)<>l>».iuari' imli-«.) 


Mnnlh. 


AuuiiHt'.. 
Si-j't'-rnlMT 
()itr>lHr 
N(vvi-rtitwr 
lirt  i-nilHT 

J.inu.iry 
iM'hni.iry, 
M.ir.h     ,.. 
April       .    , 
.May 


I)rv<  HAH'.F    IN    St- 


M.ixitnuiii. 


4.W7 
4.  (MS 
l..m 
i .  M4 
I  ,  W) 

1.7IS 
1  ,  4H6 
I.  I'll 

.)..VS5 
111,477 

l.'.ms 


J.MKi 
l.llHt 
I  ,  6  <6 

I  4Nr. 
I..")7    I 

I.. Ml  i 
l..'W  1 
4 .7<m  I 

10  IXMI 


t  ftsTi  Kl-rKr 

M  -an. 

mill- 

4.4011 

0  6J(I 

.1,6X4 

0  .S|>) 

2,mH 

0    4UK 

i.iV« 

o    117 

I.KIJ 

O.JVS 

I.MI.' 

0    2. '6 

1  .4110 

0   I')7 

1  .  .'«.' 

0    1X0 

\.Htl, 

n- »67 

6.<'J< 

{)  'I'H 

li,  tto 

1    7  17 

III  in»  h»'-t  oti 
l>r;iiiitiiii'  .ir<'.t 


( 

ssu 

0 

■.;>i 

0 

471 

0 

iss 

0 

."M 

0 

-•f»0 

0 

.'OS 

o 

iOM 

0 

i'*X 

1 

n;n 

1  ■ 

»40i 

'-'4  ,lay.i  ■inl>  .  »l  t  ilayiiiMlv 

WIIITKMOITII    KIVIK,    NKAK    Will  I  I  MOl   I H,    MANirOHA. 

Location  of  Gaiifie.    On  KCiuTal  tr.itVic  l)ri<lnc  i.i  WliiicniDiilli  villagi-. 

Records  available.     May  iO,  1<>I2,  to  I  KciiuIht  .^\ ,  l'>14. 

Prainaiie  area.     1,400  stitiarc-  mili->. 

iniiii^e.      VVrlical  staff,  fastened  to  foundation  |)ile  of  traffie  l)ri(lne. 

Bench-Mark.  fVrnianent  heneh-nia'-k,  ronsistinK  of  iron  staple  embedded 
in  top  of  concrete  pile  on  left  bank  of  river  west  of  road.     Klevation  100. 

Channel.  M.\\vr  (lowinK  in  straight  channel  between  clay  banks,  but  l<i 
date  no  indication  of  shif'Inj;  or  change  in  section. 

Discharge  measurements.  Discharge  measurements  have  been  made  since 
May  2<^  1912,  from  the  traflic  bridge  by  the  held  othcersof  the  Manitoba  llvdro- 
graphic  Sur\ey. 

Winter  Discharge.  The  discharge  rating  curve  .ipplies  only  to  open-w.iler 
coiidilions. 

Tabic  66.     Discharge  weasitreinenls  of  Whitemonlh  river  at  WhUcmoiith.  Manilolm. 

lOr.iiiiani'  .\r,M.    I.4(>'l  s<|".iri-  niil,-s.| 


Date 


191> 

May  11 
Jiliiy  20 
July     1,1 


Auu. 
Sfiit. 
Oit. 


mil. 


IlydroBraplie.-. 


C».  H.  Bnrniiain, 


\v.  C.  \Vat.|rn 
R.  H.  Nilsoii, 


Jan.  24  iA  Pirii 

.•\!)ril  IS 
M.iy      V 

AU!!.  I.s 

•S-m,  21 


1'1|4, 


C,  KhniT 
W.  J.  Iril.ind 
CO.  Allen... 


Jan, 
Mar 
May 
July 
AUR. 
.Vpt , 
Oit. 
Nov . 

DiT. 


I. 


20    IK.  J.  Hu.lKr      . 
anil 


16 


20 


W.  J.  Inl 

A,  I'irii-. 

M,  S.  M.i.l.l.-n. 

J.  A,  Han,- 

4  ill.  H.>vil 

7   iM.  S.  Madden 


■10  |C.  O.  Allen,,    , 
2S  IM.  S.  Mailden 


Meter 
No 


11X7 
11X7 
11X7 
11X7 
11X7 
11X7 
11X7 


1460 
11X6 
11X6 
1460 
Ul.S 


1467 
1462 

10 10 
1760 
1020 
1010 

1011  i 

1012  ; 

1011    I 
1462    i 


Width. 

Fe<'t. 
162 
151 
I.IX 

140. 7 
140-7 
172  (P 


110  O 

IS4-0 
151  -I 
141-0 
1,16  0 


117 
l"i 
1  16 
142 
142 
147 
140 
125 


lee  tneaaurementf". 


Ari-a  ..1 

Mean 

DiMlurii", 

Se.  tu,n. 

\' 

'loeity. 

neiiihl. 

S,|.  It. 

Kt 

I»T  «ee. 

Kri-I, 

S-.  ,  11 

Oi«l  5 

2    20 

4   S6 

2.i;o 

620-4 

1    07 

2    11 

671 

740  0 

1    41 

1  (IX 

1    057 

X,5S-4 

1    67 

,1  ;o 

1,414 

600   6 

I    ,10 

2  05 

010 

X.15  -0 

1  -50 

,1   72 

l..l!X 

0,16 -X 

2  (12 

1   4S 

1  .X02 

1 XX  -  6 

0   145 

1    22 

>7i 

752-0 

1  -65 

1    20 

1  ,  Ml 

7,12  -  1 

1-,1X 

2   02 

1   oio 

57X0 

0  -  6X 

1    05 

102 

512   2 

0.10 

1    44 

151 

207 

,*-tl7 

0    7X 

15' 

07 

0-20 

0  XX 

20' 

616 

1    i  1 

2    46 

710 

61 W 

0    76 

2   (10 

467 

44,1 

0'0<> 

1    17 

41 

402 

0  ■  26 

1    40 

125 

522 

0    lit 

1    51 

I5X 

,^^o 

o,  ,  , 

2    l)« 

i^\ 

40X 

0    I'l 

1    42 

1461 

2Wi 

0   (17 

1    (10 

171 
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Table  67.     Daily  ilisrhnn'/  reco,ils  of  IVhitemoiitli  river  a:  Whilewuth,  .Man. 


Inalfl.iK*'  .\rr,i.    I.HM)  •,)il.>rr  li<lti^«. 


8«..-ft. 


Aiiril. 

v      uu- 

llflutll    i   cltiltst*. 
J-«<.       Set.  (t. 


Mw, 


( MMUr 
lIHgllt 

rtrt. 


1)1.- 
[  h.irHt'. 


»«-.-(t. 


77. '5 
77.J6 
7ft  1)1) 


June. 


2,010 
2,020 
1 .  xoo 


lidiflit 

>A  Ml 

7ft  4K 

7ft  15 

.ft  5  1 


<ft   I') 

7ft.ll7 
75  ft; 

7  5  lift 
75-17 
;j.45 
75   41 

75.25 

7-  21 
71  TO 
7I.M7 
71  ■)! 
71.')1 

71-7') 
,  1  ft  1 
74  ftl 
74  5') 
•4. 50 

74 -5(1 
74  56 
74 -54 
74. 41 
74  Ji) 


1)1- 

c  hut  lie. 

!wr..fl. 
1 .  7n(i 
i.5;(i 
I .  Mm 

I  .ftOll 

I  ft  10 

1,570 
1  HO 
1.410 
I  140 
I    110 

I    I'KI 

<)N7 

')ftl 

Hi  1 
}150 

:i  I 

ft'»ft 

ft'iO 

ft  10 

5  7') 
50s 
4''ft 
I'lft 

4'<l 
1,') 
4ft)t 
405 

.12  5 


8 
') 
10 

II 
12 
!J 
14 
15 

■  ft 
17 

IS 
10 
20 

21 
22 
2.1 
24 
25 

26 

27 
28 
20 
.10 
.11 


J 

ily. 

AUKUst. 

74    10 

271 

75.75 

t.\W 

74  IW 

22h 

75  40 

1,(110 

7.1  07 

IMI 

75 -.18 

047 

7104 

172 

75   o... 

704 

7  1  'M 

10') 

7^    (15 

750 

74    11 

148 

7501 

747 

74. .18 

.17  7 

75  117 

7  70 

74.77 

S'lo 

75.  18 

8.1.1 

74. OH 

7  1 ') 

7  i  .  .1 7 

•'41 

75. 0.1 

717 

75. 17 

041 

75. 07 

770 

75. 10 

0.15 

75  (16 

704 

75. 1ft 

'(.15 

7  5   50 

1,070 

75.  I  7 

82  7 

75  u 

1.25(1 

75-10 

787 

7ft   1  7 

1,4(H) 

75.02 

741 

7ft  22 

1.4.10 

74. 07 

71.1 

70. 22 

1,410 

74  S.l 

0.11 

70. 21 

1  ,  120 

74.77 

5  (JO 

7ft. 21 

1,420 

74-7.1 

57ft 

75. 01 

1,250 

74. SI 

451 

75.  S.I 

1.200 

74-40 

4.10 

7.5   7J 

1.150 

74.57 

4.S5 

75. 84 

1,210 

74. 07 

542 

76  01 

1,120 

74-80 

ftlft 

76   18 

1,400 

74. 80 

050 

76-25 

1,440 

74 .  SO 

Wi7 

76-20 

1,470 

74  01 

070 

76  .17 

1,510 

74  05 

702 

70  26 

1  ,  450 

74. 07 

71.i 

7ft   ;  J 

1     170 

75.  1: 

"4! 

is.yj 

1 ,  260 

7507 

1 ,  280 

Sfpteniucr. 


7ft    12 

1.  170 

7ft    10 

1  .  100 

7ft.  15 

1  .  .l')0 

70.  20 

1    410 

7ft.  ftS 

1,0')0 

70.  5ft 

1,020 

70.47 

1,57(1 

7ft.. 1ft 

1.510 

7ft.  12 

1  .480 

7h..l7 

1.510 

,042 

1.540 

7ft.  4' 

1.550 

70 .  41 

1.5  50 

76-41 

1,5.10 

7ft .  .18 

1,520 

7ft.ft.l 

1  ,  ftftO 

7ft.  T5 

1  .  7.10 

7ft.  70 

1  .  7181 

7ft   ft.l 

1  .  000 

70  40 

1  .  5.10 

76  ■  08 

l.SftO 

77    41 

2,120 

7751 

J  .  1  70 

7  7. 50 

.'.210 

77.57 

2  .  2(8) 

77.. 5J 

2,170 

77.45 

2    110 

77.44 

2.120 

77 -.15 

2,070 

77  .  «i 

)  ii-ld 

(Motirr- 

\ovfiiilM-r 

TJfO-mlMT, 

7.1  1 
7ft. 07 
70-0  1 
76- 86 

2   (MM) 
1.010 
1  .850 
1.840 
1 .  7')0 

7ft   .15 
7ft  .10 
7  0  45 
7ft .  .10 
7ft .  20 

1.5(H) 
1.520 
1  .  5.,() 
1.510 
1,  170 

70   81 
70  7  7 
77. (»P 
77-25 
7  7. 25 

1.7  70 
1  ,740 
1 ,870 
2. '110 
2.010 

70.  20 
70.07 
7  5.<)6 
75. 87 
75  81 

1,410 
1  ,  .140 
1  .  280 
1.210 
1.1'X) 

77   24 
77-20 

r7  10 

77-05 
7602 

2.010 

1  ,0,H(» 
I.OfiO 
1  .'1(H) 
1 .  820 

75   7ft 
75 . 7.1 
75. ft? 
75. 04 
75  01 

1   too 

1.  150 
1.  110 
I.KHI 
1  .080 

76  64 

7ft.  55 
76. 17 
70. 16 
76  .1.1 

1,660 
1.610 
1,510 
1,510 
1  . 4')0 

75.57 
75.57 
75   51 
75.47 
75.45 

1.000 
1  ,(HiO 
1,020 
1,(K8I 

08  7 

76   17 

70 .  m 

7  5  07 
75. S7 

75  66 

75. 51 
75.0.1 

76  1 1 
76  21 
76. 27 
76  20 

1.400 
1,  150 
1 ,  280 
1  , 1 10 
1,110 

1 ,  020 
1,260 
1 ,  JftO 
1,420 
! .  ISO 
1.470 

75. 16 

75  ,11 
75. 21 
7S}i) 
75. 01 

75.77 
75. 8.1 
75. S7 
75.87 
75  S7 



'|15 
006 
861 

Note. — Ice  conditions  fr,  ni  I 'ovi'inht-r  J*.     Not  riultkiftu  information  to  compute  daily  di^^ciiarKest. 
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Table    07.     Daily     <{is,liartif     mords     ,«/     Uiiilrmoulh     tnrr    at     U'hilfnioiitli, 

Man.     (  nniiiiin'il. 


Diiy 


Jiinuary. 


I-Vtiftuty. 


M,ir.li. 


llli'lUilt 


Fert. 


i; 

IM 
IV 
-•I) 

.'I 
22 
iJ 
24 
2i 

It 

n 

2H 

IV 
4(1 
ll 


Ul4. 

charti«. 


Set. -It. 


llfUlit 


l>i<-       i  (*.MIBf> 


►lift. 


Al>fll.  I  M-1V. 

iltaritr.   JIviiiItt 


j,i..,- 


Ill--      •  l..iui(r  I       IK,.      I  i..|iii„ 

ih.iriir.  ni'inlit 


Nh-.-(i.      frrt. 


. 


I 


ll 


■■■n.    F<Ti. 


7(  ;ii 
M  .-4  I 

;s  M.  j 
;'  Ml 
;<  <;  I 

7*   <4  i 
7J   .H    I 

;<  n  I 
}<•  <; 

7<    17   I 


;;  11 
77  ti 

77    M 


I  T 
I  7»i 
■    7(1 


II 


i.tva 

J.  nil 

.'.  1711 

i.MKI 

i .  |l>l 
i.lUI 

.'IL'lt 
I     (fMI 

I  l«<i 
I .  I  <ii 
I .  I  III 


I. nil 

I      III! 
I/I  I     .'^11 

III    j       I  ,  I'll        ,1    KK 
I  I     I        t  ,   Mitt         ;  4    Kfi 


Ui«*       it.iuip- 
iLinii*'  '  lli'iiiht 

Kni. 


7*.7^  1 

7  4    .11 
71    ,11   ' 

74;-! 

7*  lift   I 

74  t:  I 

7  1    «K 

;i  >"i 

7  1    ,.• 


1)1,. 
I  Iwruc 


;% 

15 

M 

*I7 

,< 

or 

i  K 

n.t 

;i 

•/; 

u 

•*4 

-■* 

'Ml 

•«l 

7fi  17 
7(.  17 
7»,  15 
7(1  (17 

7i  ')i 


f  t 

X4    i 

'4 

?^tP 

H(i  ; 

71 

7«    1 

'^ 

^•1 

»!>..   It. 

I      till 
I     I  Ml 

I .  nil 

I  .1170 

I  .(Mill 

I   II4II 

'.M7 

'tn7 
•<4I 
•'41 

'H»4 

'M.i 
•)H 
■MH 


(I'ld 
(i,  ( 
(i7l 
ttt.i 
(iMI 

(.  !■< 
(il(> 
1.1(1 

I.I1S 
liMM 

'in 


N'liri.  -  iJIsrlnrup  .  iirM'  nut  .In.iiel  .iliovc  u.iunc  li.Mnht  7;.ti;      I, 

Infnrtn.itifin  tn  .i-ITli'ilti'  'i|.nlidruri. 


10 

n 
1.1 

14 
\S 


21 
22 
i.t 
24 
25 

26 

27 

29 
31 


J' 

!>■               ' 

74  HI 

62.' 

;  1  i)H 

7|iJ 

.4  i)(i 

707 

74  'M 

(«0 

74-81 

622 

74.71 

.5  7ft 

74  M 

525 

.•4.S1 

451 

74   5| 

451 

74  ^.S 

417 

74  .,5.1 

4ft2 

74  (ll 

sm 

7.S.il 

H.iid 

7.i.SI) 

l.U2(l 

7.S.5.S 

1.040 

7.S.71 

l.t.lO 

75  40 

158 

7.i  ■  2H 

«<*0 

7.5   lift 

764 

75. W 

724 

74  (tl 

622 

74  (15 

531 

74  ft5 

531 

74 -SH 

41/1 

74-53 

462 

74. 41 

394 

74. 27 

314 

.  i   14 

24.S 

74   l.( 

244 

74  (10 

190 

74 'W 

1H7 

AllKUSt. 


73   ')1 

7  1  h: 

7  1   XI 

73    7') 
73-73 


73.7 
7(6 


73. 53 
7  1   53 

73  49 

74  (17 
74   29 

74.6« 
75(17 


75 

.'I    i 

75 

16 

75 

11 

75 

on 

74 

99 

<■* 

93 

74 

91 

74 

«3 

74 

«3 

74 

74 

i4 

60 

74 

6.1 

74 

57 

74 

59 

Ifti 

15  1 

I  IK 

I  U 
121 

121 

nil 

102 


.H4 
2I.S 

325 

54« 
770 
H.50 
K.'I 
79.) 

776 
721 
690 
679 
6.13 

633 
5H2 
3jft 
519 

;s5 

49ft 


t'lilt-tulii-r. 


H 


74.2s 

;4.2i 

74  1(. 
74  ll.K 
74   H 


74 

24 

71 

117 

74 

(15 

.4 

IHl 

73 

93 

73 

•91 

71 

»3 

7.1 

91 

74 

III 

73 

9-1 

73 

9ft 

73 

95 

73 

9,1 

73 

91 

73 

91 

73 

87 

73 

US 

1.1 

hft 

73 

H3 

73 

81 

462 
434 

.IK8 
177 
348 

I. 'I  I 

2*<2 


298 
218 
2111 
I'lO 


163 
141 
16,1 

202 
187 

I7,S 
175 
169 
169 
163 

151 
155 
ISO 
143 
138 


■1  74 
7,1  83 
7  1    91 


IK 
111 
11; 
II  i 

IJI 


IJl 
141 
163 


74  03 

..,2   ! 

75.(11 

7  '7   j 

75   20 

844   1 

;  5   46 

992    1 

75. 51 

1  .1)20  1 

7?   54 

1.04(1 

75. 48 

I.IKHI 

7  5    19 

95  > 

1   75.42 

969 

75-35 

9311 

75   31 

91  K 

7  5. 23 

8(.l 

75.22 

855 

75   15 

816 

75    11 

793 

75  05 

759 

74  9ft 

707 

1.5.01 

7,1ft 

74   98 

719 

T     16 

7117 

7,     11 

ft'' 

74  71 
7  4  ft8 
7  I  ftft 
74  14 
i4    II 

74  2ft 

74  21 

:i  21 

74  17 

74  H 

74  IK) 

74  (15 

7  4  (15 

74  115 

74  (15 

74  05 
74  115 
74  (15 
74  (15 
74  05 

74  05 
74. 05 
74. 0< 
74  05 
74  05 

74  (IS 
74.11? 
74. 05 
74  115 
74  115 
74  115 


2:f> 

210  I 

21(1 
Jill 
210 


5IUI 
.»7II 
Ml) 
'(ll) 
56() 

hilt 
7.  t 
.  I  I 


19 
16 
II 
.62 


17.' 
160 
Ifti^ 


4S6 
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Table     !)7 .     Daily    di.tihiirge    retords    of     H'hilewnitlh     river 

Miin.     (nniiiimil. 

I'll! 


ut     Whitemouth, 


Ow». 

Janmtry. 

K»bruarv. 

MuK  h 

Anrll. 

M»v. 

}<a». 

Itrlilhl 

1  iMrKC. 

<*  Ittgr 

MHahi 

t  luiriii*. 

(■allur 
Mrl«lil 

IIU 

f  iMriir. 

llt'iKlit   1  1  hariir. 

llfiaht 

f  (.IIIU" 

Itt'lKhl 

l>i. 

K.ft. 

.s«.  ft. 

Km 

>>r.     II 

Krrt. 

^'  " 

••■.■.•t. 

S...     11, 

fwl. 
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Km 

V     II 

1 

t 

-(   <N 

MJft 

5".l 

•5    11 

MIO 

;i  <« 

74   HI 

hil 

75    11 

Mill 

4 

;i  <» 

74  «ft 

ft5ll 

7  7    .'4 

i.lllO 

7<    M 

•017 

75   ft7 

i    i50 

7«   '7 

t.llAd 

7  5    I'l 

I.4K0 

ft 

7 

(1  «« 

7'   HI 

I.MMI 

7ft   IM 

i.4An 

M   <» 

7»   Xt 
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7A   HI 

1  .  150 

10 

74   «»   ! 

7<   M7 

\.imi 

7ft    15 

1 ,5iin 

;i  '« 

7<    71 

I.I  Ml 

7ft   7.> 
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7«    41 

'<75 

rft  ft.' 

l,A.5n 
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11 
II 

u 

;i  «« 

;:  ift 

•115 

7ft   74 

I.7i0 
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75    J7 

III14 

7ft  4'. 

I,5ft0 

i  1  *» 

75    J7 

mi4 
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I.450 
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7<IM 
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l.i7n 
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74  »■ 
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I.I40 

16 

i; 

in 
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ftft7 

75. 4« 

l.OIIO 
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XA7 

74  ftl 

5IM 

75   id 

M44 

l» 

;a  Hi 

74   57 

4X5 
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Ml» 
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74   7i> 

ftlll 

75    II 

M<M 

11 
u 

2  J 

7ft  1  ft 

1,  IW) 

75  IW 

7111 

75  III 

716 

7ft  il 

1.4  Ml 

75   Jl 

1(511 

7  5  111 

71ft 

7h  III 

t.MII 

75    U 

>>\i 

74  «7 

71.1 

7'    7ft 

l.lftll 

75    U 

MIJ 

74  Mi 

fti  7 

75    '.ft 

l.lft<l 

7.5   .14 

«.'» 

74  ft« 

554 

ID 

n 
It 
tv 

M 

7<   41 

«75 

7  5. (ft 

<<l.5 

74  fti 

51  « 

1    ■■ 

7<    17 

Hi7 

7.5   JH 

NVII 

74   47 

4iH 

' 

. 

74  W. 

7(17 

75   i4 

Ilh7 

74   .W 

.IMi 

■     ■ .    1      ... 

74  '»! 

ftXIl 

75    IM 

Mil 

74    11 

.417 

'               ' 

■ 

74   7ft 

yi.\ 

75   .17 

V4I 
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i7l 

75    U 

•>U 

NciTK.-  -In-  lonilliiuii.  rriiin  J.miwr>-  I.  to  April  ill;  not  sult'u  It-m  infi.rnialiim  to  rompulf  dally  illaih«r»n.. 


II 
1  • 
II 
14 
15 

Ift 

17 
IM 
\V 

m 


it 

i4 

i5 

ift 
>7 
iH 
„"/ 
III 
.11 


Ju 

74 

10 

71 

4i 

74 

4h 

74 

*•) 

74 

*" 

74 

4h| 

74 

IM 

74 

"' 

74 

.1,5   1 

74 

i7 

74 

IIM 

74 

Mil 

77 

It 

7ft 

fti 

7A 

14 

75 

w 

75 

74 

75 

44 

7,5 

4i 

75 

.IM 

75 

m 

7,5 

.'ft 

75 

i< 

75 

(14 

74 

Vi 

74 

77 

74 

M 

74 

5i 

71 

4ft 

■4 

IH 

4ii 
4IU 
41<l 

414 
414 
4ii 
Iftll 
.115 

2>> 

Mft 

1.'<5I1 

l.h5(l 

I .  I'M) 

1  .i'MI 
1.1511 

'im; 
<>ft'; 
v\l 

<nn 

M7M 
MIU 
751 
ftM4 

5')') 

.5(»M 
45ft 
4Ji 
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74  Ji 

74  U 

74  IIM 

74  (Ki 

74  ()4 

71  'IM 

;  I  "i 
;i  M4 

7  177 
7.1   71 

7  107 
7  1.h5 
71  5ft 
7  1.  54 
7  1. .54 

7,1. 4M 
7  1- 54 
71  Ml 
"I  h() 
7.1  ..5.1 

7I.4'» 

7.1. 47 
71. 47 
7.1  ft') 
7.1   71 

7.1.7ft 
7.1. Ml 
7.1.  Ml 
7.1 -MS 


,177    I    7,1   M'l  I 


Srpifmln'r.       1 

iM7 

7,1  M7 

151    1 

i4M 

7,1    M5 

14M 

222 

71   71) 

111 

il4 

7.1  Ml 

144 

il>i 

7.1   IV 

1  t> 

1M4 

7  1.75 

Ii5 

Iftft 

7,1   75 

Ii5 

I4.S 

7,1-75 

li^ 

li'l 

7171 

lil 

117 

7.1 '7.5 

Ii5 

110 

7,1   77 

K")  i 

lllft 

7,1   7') 

1  '< 

')i 

7,1-7') 

III 

IM) 

7,1  Ml 

1,1M 

fXi 

7,1  M4 

145 

Ml 

71. MM 

155 

<«) 

7.1   ')| 

Ihl 

07 

71.M7 

151 

07 

7.1  •M7 

151 

Ml) 

7.1. M7 

15.1 

M4 

7.1,  Ml) 

15M 

Mi 

-4  (Ml 

1*XI 

Mi 

7  1   1  ft 

i5M 

IM 

74    1') 

.'7! 

117 

74 -i4 

i')M 

1>7 

74   i4 

.")M 

1  IM 

74 -id 

i7ft 

141 

74    15 

i,5,l 

US 

74 -II') 

221) 

l,r '. 

74  (If. 

n-i 

|5X 

1 

(ktobfr. 


Novriiil»rr. 


74  115   I 
7 1  ')ft  i 
7  1    )1 
7.1    MM 
74  V< 

7.1.M') 
7.1  MU 
7  1  12 
74  lift 

74  7'J 

7  5  ftl 
■'  5') 
7  5   55 

7  5.  55 

75  51 

75  41 
75  Ift 
75    II 

;  •  J.5 


75.  IM 
75.  IM 
75  01 
71  ."I) 
74. 7h 

7474 
74 -f.') 
74   hi 

74-55 
■4  -•! 
74-41    I 


ill) 
17M 
IA4 
15.5 
Ifct 

i5M 
5m 
lft»i 
il4 
ftl!) 

l.OMII 
1  .070 
1  .040 
1.040 
l.OiO 

'J7  5 


M7.1 
M5.5 

Mil 
Mil 
7.1ft 
ftA7 
.5').1 

5Mi 
5  5.1 
SOM 
474 


74 

1') 

74 

11 

74 

41 

74 

4'* 

74 

48 

;4 

4ft 

74 

17 

74 

47 

74 

14 

74 

.14 

74 

44 

74 

ift 

74 

ift 

74 

il 

74 

Ih 

7, 

li 

74 

II 

74 

IIM 

74 

DM 

74 

DM 

74 

IIM 

'74 

IM) 

'74 

(M) 

'74 

(K) 

71 

■>.i 

7, 

•)1 

7  t 

')1 

7.1 

').l 

'7  1 

'X) 

■^ ; 

b:; 

n<-rr 

74 

•Mft 

7.1 

M4 

7.( 

•H7 

7  1 

.M7 

74 

.MM 

74 

MM 

7.1 

■Hi 

7.1 

-M7 

7  1 

-M5 

74 

M5 

7, 

Ml 

7.1 

-M5 

7,1 

■N5 

7,1 

■Ml 

7.1 

-M, 

74 

,M1    1 

4Mi 
4.17 
447 
444 
444 

4i2 
471 
171 
45  4 
154 

44M 
.lO") 
MM) 
iMi 

i5M 


i45    I    74. Ml 


222 
222 

222 

222 
I'M) 
1<HI 
I'M! 
{hi 

1ft') 
Ifti) 
111') 
IftO 

Itn 


71. Ml 
717' 
74  hi 

7  1   5i 

74  55 
74  55 
7,1  5.' 
7  4.  54 

74  51 
7.1-51 
74  4') 
74-41) 
7.i  n 
74-41 


NoiK.-  Murki-i!  Ihin  '.  iturrijohilrrl.  ice  inmlitions  from  No 
daily  disi-li.irKPs  Uir  Ofii-fnilMT. 


t'nilH-r  IM;  n«-t  !«ulluient  inforrniilifin  to  i-omput* 


Wtnnipfi>  Kivfr  Piruer  ami  Storus^t  Inveiti^ation.s. 
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I'ahU  fiS      Monthly  itiuharsr  oj  Whitemouth  i  .i-r  at  M'hitemoutli,  Man. 


Ot.iiiiiKr  ^r,.i  Miri  <.|u.iri' mil«,| 


Mkmm, 


Junr 
July 

Atiuunt 
>»'l<ltllll»-t 

(>.l.ih.t 

iNilVrtlilx't' 

|)i-.riiil..|l 

I'M  1 
JdllU.U>'. 

rVt)rii  ar> ' 
Mutt  III 
Alillli 

June 

July  

AUHUHt 

Vp!fiiitii*r 

iVliiliff' 

Noyrnilier' ,  ... 

IMemlHT'     

Tin-  yf.ir 

I'm 
J.inii.tr\' 

K''ltru.ir>'. 

.NUr.hi 

AptiM 

May  

Juni'  

July       

AlWKt     .... 

Sc-idt'Tiibrr. , 

IKtnlxT       

Niivrniljpr' 

I)<'ifnihfr' 

Thp  ypur 

'Kjilim.tti-.I. 


1    M7 


Table  69.     Misiellaneoiis  Dmhar^c  Mcaiunnuiiti  in  \Vinnif>eii,  Rhxr  Water.shed. 


n.iti- 


Aii« 


S.-I11.  .1. 
<Vt.  .1, 
Ni.v.  7 
J.in.  14 
M.ii.  Jl 
Auk.  10. 

■■      II 

■'  I.I. 
•      11, 

"  I';. 
■      IV 

■■      17. 


"    m. 

"  21. 
"  I'l. 
"  10. 
"  31. 
S»PI.    1. 


I'd.' 
I')U 
l'>IJ 
luw 
i')ij 
I'll  1 
I'il  I 
I'll.' 
I'll.' 
I'lij 
I'll.' 
I'll' 
I'il.' 
I'll.' 
I'll-' 
I'll.' 
I'lij 
I'll.' 
I'll.' 
I'll.' 
I'll.' 
I'lij 
I'll.' 

I'lU 

I'll.'i 
I'llJI 
I'll.'i 
I'll.' 
I'n.'i 
I'll.'i 


K.IIIH    KlviT. 


■  Kis. 


c  r...-k     . 

I'ilM^I.'lI. 

K.it  Kiv 

<  n.'k 

'mk  N...  i. 
R'Kky  Inlft  <  r.ik. 
H:k  t  iin<»>  Ri\  «r 
I.ittli'  t  .moc  RiviT. 
Miinitou  Kiyt-i 

.\«h  KiviT 

.*^mull  trt-ek 


i  K.iiiu 


N'Tth-Wi'it  H.i\    Rivi 
While  Ki«h  (  n-,k... 
HrownU'i^'!'  (  rtok.  . 
Small  trcfk 


I.<ist  Crifk  

()lltli.t  n(  vv..2u'«  !    ,ki' 

<  n-i-k 

t'>rii!f:*y  Narrows  <  riek 

\yiisaw  Creek    

Ki'»K  Cree 


t  Iji-..  ti.im.-  in 

rilml.try  t'l 

l,o.,lli, 

n. 

>e...n.|-l 1 

.if    III.-    \\lK..N 

lle.il['l' tte 

lii.».'4 
M    .'k7 
V4I4 

Kino 

in  4I'I 

'..4.><.' 
>,  4^1 
',  M7<i 

l..lke 

in  ll.il.-  H.n 
in  S-in.'  H.i\ 

1    » 

;  1 

\..tloW. 
1  ,  ^'IJ      1 

N.,   ll.Al. 

.'I(.  I 

(.  .s 

»l^  s 

1  l> 

in  A.h  H.iv 

<l .? 

■■ 

in  .Vl.'x.ni.jra 

K.iy 

11  ■; 
no 

II  h 

nr.  Br.iwnlf. 

.-  in 

II   4 

N    \V    H.ij 

i;V 

" 

in  Hriiun-  I 

,l.-t 

iKsl  1  O  5 
(II 
0   i 
^4 
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Department  of  the  Interior. 


RUXOf^F   DATA   OF  THK  WINNIPEG   RIVHR   WATKRSHED. 

Taiim.s  70  TO  91. 

Data  in  Talilfs  70  to  01  wiro  ohlaincd  In-  tlu-  field  oriicors  of  the  Hydro- 
Klectrir  ("oiiiniissioii  of  tile  |)n>viiue  of  Ontario,  and  ptihlished  herein  through 
the  rourtoy  of  the  roininission.  The  data  are  also  available  to  the  public 
in   the  St'venth   Annual   Reporl   of    the    Coniniission. 

si:iM-;  Rivi;k  at  skink  km'IDs. 

I.nnilion.  About  200  feel  above  Skunk  rapids,  and  1  nn'le  ui)sfream  from 
liie  Canadian  Xortliern  Railway  bridge.  One-half  nn'le  north  of  (he  C.  N.  R. 
tracks,  and  1  mile  west  of  l.a  Seine  station,  in  the  District  of  Rainy  River. 

Reiords  AvaiJithle.  Disdi.irge  measurements,  August  to  December,  1014. 
Dail\-  L;auge  heights,  September  11  to  December  SI,  1014. 

PniiiKi'^r  .lr(•(l.-^,4>^^  s(|uare  miles. 

Cilii'^e.  A'erlical  steel  staff  g.iiige  with  enamelled  face,  gradii.ited  in  feet  and 
niches,  and  loc.Ued  near  La  Seine  station,  on  the  ("an.idian  .Nortiiern  railway. 
The  zero  on  the  g.uige  is  at  an  ele\,ition  of  87-7,?  feet,  which  is  referred  to  a 
bench  mark  (^assumed  elevation  lOOdO)  painted  on  a  large  boulder,  on  .he  right 
b.iiik  of  the  river,  6  feet  from  a  6-inch  poplar  tree  used  as  a  fmal  point  for  sound- 
ing-. Tile  initial  point  is  on  the  left  bank  and  con>iNls  of  a  2-inch  siiruce  tree, 
bla/ed  and  markeil  I.I',  with  whiti'  paint.  "H.  E.  }'.  ("omm."'  is  p.iinled  on  the 
rock  diiectl>   below  liie  s|)ruce  tree 

Chainii-l.  Straight  for  ai)out  .sOO  feet  ai)o\e  .ind  200  feel  Itelow  the  station 
to  the  rapids.  The  right  bank  of  the  river  curves  into  a  point  at  the  rapids 
foiiin'ng  a  narrow  ch.mnel.  The  velocity  of  the  river  is  slow  .md  tite  banks  are 
high,  rock\  and  wooded.  This  land  has  been  burnt  over,  but  most  of  the  trees 
are  still  st.mdiiig.  The  bed  of  the  stre.un  is  sandy  and  clean,  with  a  few  boulders 
near  the  right  bank.     One  chamu'l  exists  at  all  stages. 

Dischar'^e  Measurements,  Mixdi^  from  canoe  by  means  of  a  small  Price 
current  meter. 

-b./rmcv.-  -.\s  only  a  fiw  disch.irge  mi'asurenients  wen-  made  iij)  to  the 
present  lime,  there  are  not  sulticieni  data  to  m.ike  .iccurate  estimates  of  the 
daily  discharge.  Tables  of  daily  gauge  height,  daily  <liscliarge,  and  monthly 
discharge  will  be  prepared  when  records  are  available. 

Observer. -v.  Rose,  l.a  Sei,     ,  Ont.:  P.O.,  H.inning,  Ont. 


I  able  7ii.     Discliart^e  .\feasiireiiieiils  at  .Skunk  rapids.  .Seine  river,  Ontario. 

lUl.uniiKi'  .iri'ii.  .t,4s.t  «|iKite  niili's.l 


Dat 

l'>H. 

Auk. 

14 

N'pt. 

22 

Oct. 

It 

N.., 

til 

l).c. 

,S1 

UyilrijKi.iiilitr. 


J.  R.  T.iylnr. 


Wi  Uh, 


l'<4 
I'll) 

!■;-. 

1  M.S 


Sf,  lion. 


vi-ll. 

.' .  n(H) 

2,(I7M 
2. 1161 

\.y' 


\c-l.)Mly. 


Ft.    IHT   SCL 

0  56 
0SI)4 
0-7J 
0-04J 
0  .S7 


llliKllt. 


XH4 


rjis(  h.irKi". 


Sec. -ft. 

1 ,  .121) 
1.674 
1  ..'122 
1  ,  2S4 
1,059 


'Boat  .iiid  iLf 


liHM.surcnu-iU.      Kivcr  jiartly  frozen. 


:'wmamr':''""wt-^rfmmt:srt'i 


S^^^^^^iU^SSBil 


Winnipeii  River  Pourr  and  Stoni'jr  hivfsti'^dtioiis. 
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J'dble  71.    -Daily  Dischar<^e  (it  Skunk  lipids,  Si-iiie  river,  Ontario. 

l/>r(;i»iij<i-  .Ircii.  J.IS.I    iu.irt  nitU^.\ 
l<)lt. 


U.,y. 

S*iitf 

uhor. 

().t< 

Ut. 

Nuv.' 

mlMT. 

Dvve 

mlicr. 

Il.'iuht. 
Kelt. 

Dis- 

cli.irK'-. 

S'<..-ft. 

C.iiiiwr    1       Dis- 

M    '> J 
H  ■  <>0 
S    'JJ 
S«>1 
-S    'iO 

M    00 
.S'JH 

.S    'Hi 

,s  -ss 
s  -ss 

11,,. 
.Ii.,ri;r. 

Sr.-  -It. 

1    130 
l,.ir.3 
1  .  13(1 
1.  Ill 
1     <„3 

I  ..MM 
\  ,  ^i>> 
1  ,  M)2 
I  ,  .1(12 
1  .  JS^ 

I  ,  lf>U 
1      Mil 

lilMiihl.    1    *ll.(t«»'. 

1 

4-OS 

«;-ox 

').(K» 
'*  ■  ( w» 
•>-IKj 

<J    Ofi 
Udl 

')()'. 

'Mi 

*>  \> 
yl5 

"  '* 

'ill 

')  o; 

0   (Ml 

N  ■  us 

S    'J7 

uoi 

u  (>4 
U  (14 

'»    UJ 
U    (10 
S  ■  'JM 
S'Jfi 

S       '^T 

S  04 

.v.. .ft. 

1  .  4611 
1  .46IJ 
1,443 
1.443 
1.443 

1.413 
1.113 
1.43S 
1.43.S 
1.143 

1  .MH 
1  ,>1J( 
1  .^311 
l.,^31l 
1  .  Ml  1 

1  .485 
1  ,46') 
1.4511 
1.415 
1..WI) 

l.,iT3 
l.,i63 
1.115 
1  .43S 
1  ,435 

1.1117 
1  .  ,1'/(1 

\M 

1 .  W^ 

l..i.H7 

I-.  .■!.          S.-.  ..ft. 

1 

Z 

.t 

4 

S 

6 

7 

8 

9 

10 

II 

12 

1.1 

S'S^    '        t      UA\ 

14 

S    M,S 

S  -84 
«-7K 
S-77 

8. 71 

x;.i 

X-7.1 
,'<.71 

8-60 

i:3wi 

1  .360 

1  ,  350 
1.  l')8 
1  .  I'XI 
1,1 '«! 
1.171 

1,163 
I.IM 
1.154 
1  .1  is 
1  .  1  iO 

1  .131 

15 

16 





17 

18 

HI 

20 

21 

It! 
''■37 
"   36 

')  j; 

"It 

*i   I'S 

1     (.10 

t    .Sr,2 
l.VW 
1  .Std 

1  .INS 
1  ,   loll 

- 

U 

2.* 

24 

25 

26 

27 

38 

X  67    i       1  .1CJ4 
X  67    i      1,  1114 
K  67    1      1.1(14 
S.(i7   '      1    101 

29 

.iO 

31 



Table  71.      Monthly  Diuhar'^c  at  Skunk  rapids.  Seine  river.  (Inlario. 

|;VjiiM,r  .li,,i.    l.tSJ     ;::,:n-  nul,    A 


(VtubtT.  .  , 
NovcmU-i 


MoTUh. 


1914 


L)ls(.K.\K(iIi    IN    Sk*  UNO  I'Kl-;! 


Miniimun.       Mean. 


1.520 
1 ,  .130 


i.u; 

1    1114 


1.411 
1.330 


Dlsrn,\Ki,i-;    IN   M-iond-Ikkf 
PV.'.<  N^c.VKK    Mii.i:. 


Maximum    Mininitim.  '      Mran. 


0-44   i  0    ix   i  o  411 

o    IK  o.  ij  o    (Ml 


!)■  rtil 
111  111.  iir^ 


Ui.imane 
Alra. 


o  47 
0    i'l 


"iWP-T-™^': 
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Department  of  the  Interior. 


TURTLE    RIVER   AT   MOUNTAIN    RAFIDS. 

Location. — About  J?00  feet  above  Mountain  rapids,  and  about  8  miles  from 
the  Olive  Mine,  12  miles  from  Mine  Centre,  which  is  on  the  Canadian  Northern 
railway,  in  the  Rainy  River  district. 

Records  Available. — Monthly  discharge  measurements,  August  to  December, 
1914.     Daily  gauge  heights,  August  9  to  December  31,  1914. 

Drainage  Area. — 1,841  square  miles. 

Gauge. — \'crtical  steel  staff  gauge  with  enamelled  face,  graduated  in  feet 
and  inches,  and  fastened  on  a  crib  pier  at  the  Canadian  .Northern  Railway  saw- 
mill, 12  miles  from  the  station.  The  gauge  is  located  1,000  feet  south  of  the 
mouth  of  Little  Turtle  river,  on  the  east  shore  of  Little  Turtle  lake.  Zero  on 
gauge  (elevation  8.? -89)  is  referred  to  a  bench-mark  established  on  a  rock  with 
white  paint,  on  the  left  bank  of  the  river,  4  feet  south  of  a  blazed  pine  tree, 
marked  LP.  with  white  paint,  which  is  used  as  the  initial  point  for  soundings. 
The  elevation  of  this  bench-mark  is  96 -uO,  which  is  referred  to  another  bench- 
mark (assumed  elevation  100  00)  established  on  a  rock  with  white  paint,  35 
feet  northeast  of  the  gauge,  at  the  Car  Jian  Northern  Railway  mill  at  Mine 
Centre. 

Channel. — Straight  f-  about  1,000  feet  above  and  below  the  station,  the 
water  running  slowly.  .  banks  are  high,  wooded,  and  rocky.     The  bed  of 

the  stream  is  sandy  and  clean,  one  channel  existing  at  all  stages. 

Discharf^e  Measurements. — Made  from  a  canoe  with  a  small  Price  current- 
meter. 

Control. — The  river  is  used  extensively  for  log  driving,  and  the  log  jams  in 
Otter  falls  affect  the  section  somewhat. 

Accuracy. — As  only  a  few  discharge  measurements  were  made  up  to  the 
present  time,  there  are  not  sufificienl  data  to  make  accurate  computations  of  the 
daily  discharge.  .Additional  tables  of  daily  gauge  height,  daily  discharge,  and 
monthly  discharge  will  be  prepared  and  published  when  .sufficient  records  are 
available. 

Observer. — W.  R.  Miller,  Mine  Centre,  Ont. 

'ftible  7. y.  —Discharge  Measurements  of  Turtle  river  at  Mountain  rapids,  Ontario. 

[Prtiinane  Area.  t.S-tt  .^luiire  miles.] 


Duti-. 

I!y(iro«r.tpher. 

Width. 

-Vrca  of 
Si'ction. 

Mpan 
N'^'lotity. 

Ft.  per  sec. 

0  29 
0-407 
0-412 
0-J19 
0  0«9 

rrauue 
lleiKht- 

Kift. 

92   47 
92  ^f 
92-9,1 
92 -SS 
90-39 

Discharge. 

1914. 

Am;.      1 1 

J.  R.  T.nior 

Fitt. 

lft«-4 
IftTK 
169   1 
16KI 
161  -n 

.S<i..ft. 

2,917 
2,94X 
J.  Oil 
2.964 
2.518 

St-i.-lt. 

s.so 

1.202 

1.2.VI 

1.161 

224 

Si-i.t.     2( 

.  f 

Oct.     i: 

Xdv.       S 

" 

Dn.      19' 

'• 

'I't'  mt-.t^^urfnu-nt-jam  at  Otter  Kails, 


i^M-'MS'W^^i  vU'^'m 
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MAMTOl     RIVKR    AT    DKVII.'s   (  AS(  ADKS. 


Location.-  '.\hout  150  feet  below  the  old  liain,  at  the  head  of  the  Devil's 


cascades,  Kainy  Kiver  district. 

Records  Available.  "ShmMy  discharge  measurements,  Jiiiv  to  December, 
1914.     Daily  gauge  heights,  July  15  to  .November  ,M,  l'>14. 

Drainage  Area. — 440  scjuare  miles. 

Gauge. — An  inclined  steel  staff,  graduated  in  feet  and  inches,  and  located  on 
the  face  of  the  old  dam.  The  zero  of  the  gauge  is  at  an  elevation  of  139-.58  feet, 
referred  to  a  liench-mark  (elevation  147 -,^7)  painted  on  a  rock.  1  foot  east  of  the 
initial  point  of  soundings.  Owing  to  the  gauge  not  being  vertical  in  the  face 
plane,  0-3  foot  per  foot  of  staff  reading  is  to  be  subtracted  from  the  staff  reading 
before  adding  to  gauge  zero  for  water  levels. 

Channel. — Straight  for  about  150  feet  above  and  400  feet  below  the  station. 
The  right  bank  is  high,  rocky,  wooded,  and  not  liable  to  overflow,  but  the  left 
bank  is  low  and  wooded,  with  a  gradually  rising  bank,  which  is  not  liable  to  over- 
flow unless  the  dam  is  operated.  The  bed  of  the  stream  is  composed  of  rock,  and 
the  current  is  slow,  one  channel  existing  at  all  stages. 

Discharge  Measurements. — Made  from  canoe  or  ice,  by  a  small  (Vice  current- 
meter. 

Control. — Several  dams  exist  on  the  ri\er  between  the  section  and  Manitou 
lake,  which  are  not  in  operation  at  present.  The  operation  of  the  dam  just 
above  the  station  causes  fluctuations  at  the  gauge. 

Accuracy. — .Vs  only  a  few  discharge  measurements  were  made,  there  are  not 
sufficient  data  to  make  accurate  computations  of  the  daily  discharge.  Table  of 
daily  gauge  height,  daily  discharge,  and  monthly  discharge  will  be  |)re|)ared 
when  sufficient  records  are  available. 

Observer.   -'Ti.  H.  Baldwin,  Box  No.  250,  Kort  Frances,  Ont. 


i 


Table  74. — Discharge  Measurements  of  Manitou  river,  Deinl's  Cascades,  Ontario. 

iPrainage  area,  440  stjuare  miUi.\ 


Date 


July 
Ann. 
S<'pt. 
Ort. 
Nov. 
DiT. 


liyriroKniijlicr. 


(".  {'.  McLennan. 
J.  K.  Taylor 


Ar"a  of 

Mean 

*i.iin;e 

Width, 

N ,  tion. 

VelcKity. 

ll.-i«ht. 

Keet. 

Sq.  ft. 

Kt.  i)er  sei-. 

Feet. 

110. 0 

404 

()-.^77 

4  X.I 

MS -6 

4S,t 

1)   ,Sfi 

4-60 

«g.() 

4.'i,'i 

(1-47 

4  40 

ox.  7 

4fi.i 

(1  .^(If, 

4 -SI 

QX-S 

4.S4 

0-4K 

4  4.S 

04    .f 

474 

1)  4.! 

4-.VS 

IJi.^eharKe. 


Ser.-ft. 


284 
271 
214 
2i4 
210 
104 
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Department  of  the  Interior. 


Table  I?.  -Daily  discharge  of  Mamtou  river.  Devil's  Cascades.  Ontario. 

\l>raiH,is.t  Arm.  I'lO  s^iwire  miles.] 


Day. 


I 
2 
i 
4 
5 

6 

7 
H 
9 
lU 

tt 
12 

1.1 
U 

IS 

16 
17 

IK 


21 
22 
2.f 
24 
25 

26 
27 
2H 
2') 
.«) 
Jl 


July. 


(>auge  I      Dis- 
IlriKht.    cliarge. 


4-87 

4-87 
4  <*2 
4  y4 

4  V4 
5- 00 

5-04 

5  ■04 
5-(M) 
4V8 
4-98 

4.0s 
4.i«i 
4.1)2 
4.W 
4.S7 
4X.S 


August. 


Guuge 
llciglit 


Feet. 


298 

298 
.«)7 
310 
310 
321 

.129 
329 
321 
318 
318 

31X 
314 
307 
303 
298 
294 


4  71 
4  71 
4-71 
4-71 
4-71 


4-55 
4-6.S 
4  65 
4  62 
.•.62 


,■60 
1  60 
4  60 
4  60 


UU- 

-■harKe. 


Septcmbcf. 


Sec.ft. 

287 
283 
279 
276 
272 

272 
268 
268 
268 
268 

268 
264 
264 
261 
261 

257 
257 
257 
252 
252 

252 

248 
248 
248 
248 

248 
248 
245 
241 
2.f« 
234 


Gaugp        Dis-       t;auge        Dis- 
lleiitlit     charge,    llclalit.    charge. 


Kcet. 


4.50 
4  •  50 
4  42 
4-37 
4  35 

4-35 
4-37 
4-37 
4-35 
4-35 


Oilober. 


(»auge 
Height 


Sec.-(l. 

2.!0 
2.(0 
216 
207 
203 

203 
20; 

207 
2l>.i 
203 

199 
20.) 
207 
207 
203 

203 
207 
207 
212 
212 

210 
216 
216 
220 
220 

220 
220 
226 
226 
224 


Feet. 

4-44 
4  42 
4-42 
4'4(> 
4-40 

4  40 
4-42 
4  44 
4-46 

4  48 


220 
220 
220 
212 
212 

212 
216 
220 
224 
227 

230 
230 
230 
230 
227 

227 
224 
224 
22  7 
227 

230 
230 
230 
230 
230 

230 
227 
224 
224 
224 
220 


Feet. 


4  42 
4. 40 
4-35 
4-35 
4-33 


.haruu. 


4 -.50 
4-50 
4-48 
4-48 
4- 18 

4-48 
4 -.SO 

4-50 
4-50 
4-50 


December. 


GaURe 
Height 


Sec.-(t. 

220 
220 
220 
216 
216 

216 
212 
203 
203 
199 

203 
208 
216 
224 
230 

230 
2.(0 
230 
230 
230 

230 
2  to 
227 
227 
227 

227 
2, to 
230 
2.tO 
2. to 


Feet. 


Dis- 
charge. 


Scc.-ft. 


Table  76.— Monthly  discharge  of  Manitnu  river,  Devil's  Cascades  Ontario. 


[Dniiilage  area.  410  sijuiire  miUs.] 
1914. 


AuKUst 

September. . . . 
October.  ,  .  . 
Novemljer. . . . 

The  perioi 


DlSCll.\Ki.E    IN    SKcONU-FKEr. 


Maximum. 


287 
2. to 
2.10 
230 


234 
199 
212 
199 


2.S9 
212 
224 
222 


Discharge  in  .Second-Feei 

PEK    S(,»t*AkE    MlI.E. 


0  65 
0-52 
0-52 
0.S2 

O-nS 


Minimum. 

0 

1 
53 

0 

45 

0 

48 

0 

45 

0 

45 

Mean. 


0-588 
0-482 
0-511 
0-503 


0-52 


Depth 

in  inches 


Drainage 
area. 


0-68 
0  54 
0  59 
0-55 

2-37 
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looTPRrNT  rivi;r  at  rainy  i.aki:  fails. 


Location.-    Onv  hundred  fret  above  the  crest  of  tlie  lowest  fall,  at  the  mouth 
of  the  Footiirint  river,  where  it  Hows  into  the  northwest  lia\'  of  Kaiiiv  lake,  on 


Indi 


17A,  district  of  Ra 


Ri 


reserve 

Records  Availahle. — Monthly  dischari^e  iiieasuiemeiits,  July  to  I  )ei-enil)er, 
1914.     Daily  gauge  heights,  September  IH  U)  December  M,  1914. 

Draina<ie  .Irea.-— 588  s(iuare  miles. 

Ga;*,!,'*".  -Wrtical  steel  staff  gauge,  graduated  in  feet  and  inches,  ami  attached 
to  a  pojilar  tree  26-2  feet  from  the  initial  point.  The  zero  on  the  gauge  (eleva- 
tion 102-26)  is  referred  to  a  bench-mark  painted  on  the  ledge  of  a  rock  on  right 
bank  6-7  feet  ujistreain  from  initial  point  for  sounding-^.  Rod  Ivld  on  dot 
inside  of  circle  marked  B.M.  in  wiiite  paint  (elev.ition  lit)  51). 

C/mwwf/.- -About  40  feet  alxne  the  station  the  channel  cur\es  t.)  the  left 
and  then  runs  straight  for  about  14(1  feet,  dropping  into  Rainv  lake.  The  banks 
are  high,  rocky,  wooded,  and  not  liable  to  o\erl]ow.  The  right  b.mk  has  been 
burnt  over.  The  bed  of  the  rive-  contains  large  boulders,  and  one  channel  exists 
at  all  stages. 

Discharge  MeasiDements. — Made  from  ca.noe  with  small  Price  current- 
meter.  The  initial  point  for  soundings  is  marked  Initial  I'oint,  H.K. !'.(".  on  a 
rock  ledge  on  the  right  bank,  and  4-75  feet  downstream  from  the  p<jint  marked 
Initial  Point,  P.W'.D.,  and  6-7  feet  from  the  bencli-mark. 

Control. — Oc'-asional  operations  of  the  dam  at  I'ootoriiu  lake  cause  tluctua- 
tions  in  the  river  a.  ,e. 

Accuracy.— \s  only  i,  jw  discbarge  measurements  were  made  up  to  the 
present  time,  there  are  not  sufficient  data  to  make  accurate  ccmputations  of  the 
daily  discharge.  Tables  of  daily  gauge  height,  daily  discharge,  and  moiuhl\- 
discharge  will  be  prepared  when  sufficient  reo.ds  are  available. 

Observer. — John  Lyons,  Fort  Frances,  Ont. 


Table  77.  —Discharge  measurements  of  Footprint  river  at  Rainy  Lake  falls,  Ontario. 


[Draincae  areti.  SSI  sijuare  miU^. 


ISO 


Date. 

IIy<irnKr.i 

V>her. 

Wi.llii. 

At'M  fit 
S<-.  tion. 

.M.-.LM 

V,l  „  iiy. 

C..uii;c 
ll.iKht. 

Oi^h.irfje. 

1914 

July      14 
Auk.     U 

Fi-.-t. 

05-7 
(A 

54    i 

45  "I 

4X    .' 

N|.  It. 

1(>5 

1(11 
1(11 

57 

(»7 

Ft-  pff  sec. 
4   11 

i-.i4 
IK.t 
1-74 

Feet. 

10) -4') 
lU>Kf, 
U)l- (» 
KlJ-.tr, 
101 -47 
Kit  -70 

Scc-ft. 

J.  K.  T.iylor 

Oct.      1(1 

Dti.    i; 

£  "««mt'  :-0  ■^Hi^i^:''•  « 


nvmL.X'^Km^ 


;% 


4j^4  Department  of  the  Interior. 

Table  7H.— Daily  discharge  records  of  Footprint  river  at  Rainy  lake  falls,  Ontario. 


4. 
5. 

6 

7. 
8 
« 

in 

II 
\i 
l.i 

14 
15 


|()r.iinii«f  urea.  iHK  w"'">'  "i'"!' 
IVU. 


Day. 


Seotember. 


(laUKe 
Ihinlit. 


Dia- 

chargp. 


GauKe 
lIpiKht. 


17 
IH 
ly 
2U 

21    . 

22 

2J. 

24. 

25. 

26 
27. 
28. 
19. 
JO. 
i\ 


Uis- 
chamr. 


I0>    t« 

1(12   ,t« 

11)2 -.U 

102   .U 

102 -.tH 

l()>   .!H 

1(12 -.!» 

l()2-,t» 

|((2    ,tK 

1112 -.U 

102-. '.8 

1(12 -.18 

11)2    in 

242 
242 

2.(.i 

242 
242 
242 
242 

242 
2,i.i 
242 
242 
242 


Feet. 

1(12 -.IH 
102  ,»H 
102  .!« 
102  (5 
102   .th 

102  ,16 
102 -.16 
102  16 
102  ,(6 
102   .16 

102  .16 
102  .15 
102  16 
102 -.16 
102  .16 

102  .16 
102  .16 
102  .16 
102  .16 
102 -.16 

102  .16 
102  16 
102  .16 
102  .16 
102  .16 

102  .16 
102  .16 
102  .16 
102  .16 
102  .16 
1()>.16 


NnViMUtMT. 


Ser.ft. 

242 
242 
242 

2.1H 
2.111 

2.1(1 
2.1H 
2.1K 
2.1S 
2.1X 

2.1» 
2.1.5 
2. IN 
2.1(1 
2.1K 

2  id 
2.1X 
2.1S 
2.1(1 
2.1S 

2.1(1 
2.1(4 
2.18 
2.1(1 
2.18 

2.18 
2,18 
2J8 
2.18 
2.18 
2.18 


Oaugp 
llrinlil. 


Ft^(. 

101-47 
101-45 
nil  45 
101  45 
101   45 

101  45 

101  45 

101  45 

101  45 

101  45 

101  45 
101-45 
101-45 
1(11  45 
101   45 

101-45 
101-45 
101-45 
1111  -45 
101   45 

101-45 
101  45 
105-68 
1115-68 
105   68 

105-68 
105-68 
105-68 
1115-68 
105-68 


chame. 


Di'CcnilMT. 


106 
102 
102 
102 
102 

102 
102 
102 
102 
102 

102 
102 
102 
102 
102 

102 
102 
1112 
102 
102 

102 
102 
102 
102 
102 

102 
102 
102 
102 
102 


CtaUKe 
lIpiKht- 

Fpct. 

(harilf. 
S.i.  (I. 

Table  7Q.— Monthly  di-^charae  of  Footprint  river  at  Rainy  lake  falls.  Ontario. 

IDuuiiiise  area.   ■**  wjliuri-  nii/r>.| 
1<(I4. 


DiscHAKr.E  IN  Second-Feet. 

Dtsi-iiari^e   in  Secoxd-Feet 
PER   sgiARE   MILE. 

Runoff. 

Mo.uh. 

Maximum. 

Minimum 

Mean. 

Maxiniiini. 

Miniiiuiin. 

Mi-an. 

Dt'titli  in 

in*  hi-s  on 

DrainaKe 

area. 

242 
106 

2.18 
102 

2.18 
102 

0  41 

0    18 

0  40 

0  i; 

0-405 
0-17.1 

0  46 
0   19 

W.MUGOON    RIVKR    .\T   W.VUIC.OON    F.\I.I.S. 

Location.-  Ahout  100  feet  below  the  lowest  fall  on  the  Wahigoon  river,  and 
3  miles  from  the  mouth  of  the  Wahigoon  river  discharging  into  the  English  river, 

district  of  Kcnora 

Records  Available.— Monthly  discharge  measurements,  June  to  November, 

1914. 


W^^H 
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Drainage  Area.-    1,026  sciuarc  miles. 

aaufir.  -Vertical  steel  slalT  with  enanieile.l  fa.v,  ura.luati.l  in  f.et  a.ul  iiuhes 
and  screwid  to  a  .S-incii  hewn  spruie  post,  firmly  wedned  and  iirated  to  ii,e  i,.ft 
bank,  alx.ut  2(H)  lect  alxne  the  metering;  station.  The  zero  on  the  naii^e  i ele- 
vation 11  -.U)  is  referred  to  a  benth-n,.,rk  (elevation  12(1(17)  on  a  nail  driven  in 
a  4-in(h  tamarac  siiini|)  located  2  feel  upslreani  from  the  ^aUKe.  The  initial 
[)oint  for  soundin^;s  i>  on  the  rij;ht  hank,  i)ainted  I.l'.,  S.  12°  K.  on  a  hla/ed 
5-inch  poplar  tree. 

r/;a«Kt'/. -Straight  for  ahout  one-half  mile  above  and  100  feet  helow  th  • 
station  to  the  falls.  Moth  hanks  are  hi^h,  rocky,  uoo.ied.  and  will  not  overdow. 
I  he  bed  of  the  stream  is  composed  of  rock,  with  a  few  boulders  and  we<(l>  .it 
the  riK'ht  hank.  The  current  is  sluirKish  above  tin-  >i.ition,  hut  swift  just  aiiove 
the  falls.     There  is  a  slijiht  backwater  at  the  left  hank. 

I)is,liar-f    Mcisurrmoi/s.     Made  from  c.moe   and    ice   with    a   sm.ill    Price 
current  meler. 


7ahle  SO.—l)i.s,l,ar^ic  Measurements  of  Wahij-non  River,  nt  Wahi-non  Falls .  Ontario. 

[Kr.iinaiit  area,  l,'i:6  i.iuarc  miU:.\ 
liU. 


Dati- 


l')lt 


l!yJri.Kr.:iliiT. 


17 


Jiini' 
July 

•\UK.  4 

Srjit.  14 

.Nov.  « 

IXc.  1 1 


(\  (  .  M.l.i'Pin.i 


ct. 
4M 

n 

47 

ft 

Ih 

11 

1  7 

<>  1 

Mt 

s 

'^ 

0 

n-.i  ((I 


Si|.  ft. 


.(.fox 
.(.4^.H 
.t..'.'ll 


M.MM 

C.;nn:c 

Wlocily. 

lii'tiiht. 

r)H> 

t.irt'r. 



_ 

- 

-       - 

It     1,.T~,-. 

F.-.'t. 

S-. 

-11. 

11   01 

Ill    NK 

<     <1.' 

11-74 

114(li 

i,  ^li^l 

(1  .S4 

in  04 

1  .7,1.' 

Il-.t7 

Hi  (14 

1  .  IIM 

II  44 

11.'    5.' 

1  .174 

(1-  <0 

Ill    71 

''(M) 

I  4A 
I    19 


ind 
•or, 

)er, 


W.MUCOON    KIVl-.K   m;.\r  nllllll.l,. 

Location.  About  200  feet  above  the  second  fall  from  tlie  C  T.  I',  railwav 
bridge  which  spans  the  first  fall,  or  one-half  mile  norih  of  the  railwav.  ( )iie-h,ilf 
mile  from  Ouihell  station  on  the  (Irand  Trunk  I'acilic  railway,  (Jiiiiiell  township, 
district  of  Kenora. 

Records  Available.  Monthly  discharKc  nic.isurenunt-.  June  to  Xoxcmber, 
1914.      l)ail>  gauge  heights,  .August  1  to  NOveniher  .-iO,  1<;14. 

Draina'^e  Area.   -1,612  s(|uare  miles. 

(;a«fie.— Vertical  staff  gauge  consisting  of  <>  feet  of  enamelled  steel  plate, 
graduated  in  feel  and  inches  and  screwed  to  .i  5-iiicli  hewn  spruce  post,  firmly 
wedged  and  secured  to  a  rock  on  the  right  hank  of  the  river.  The  elevation  of 
the  zero  mark  is  24-26,  which  is  referred  to  .i  bench-mark  (elevation  ,?,^67) 
located  just  below  the  gauge. 

Channel. —Stniight  for  ahout  1,200  feet  abo\e  the  stati<in.  where  tiie  stream 
enters  from  the  right  hank,  making  an  angle  of  <Hf .  For  ahout  200  feet  below 
the  station  the  river  is  straight  and  then  narrows  into  a  f.ill.  The  water  is  slug- 
gish, and  hanks  arc  high  .ockx  .  .iiul  uooded.  i'liere  are  a  few  boulders  apparent 
in  the  bed  of  the  stream.     One  channel  exists  ac  all  stages. 
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Department  oj  the  Interior. 


Discharge  Measurements.     Ma.le  fn.m  a  can...  by  a  small  Price  cu-nt-rnetcr^ 
c"ntrol -Th.  Dryden  Thnlur  an.l  I'ower  fon,pany  operate  a  dam  an.l 

-^:;::r;^r::;r:;  t^S;:;^  —remen.  are  made  up  to  the 
present  ;::;'■  there  are'  not  sufficient  data  to  make  accurate  est.mates  of  the 

daily  discharge. 

Ohserfer.--l)  C.  Warner,  Quibell,  Ont. 

Table  80 A. -Discharge  Measurements  of  Wahigoon  River,  rear  Quibell,  Ont., 


'New  suction  pslabli^lifil. 

Table  81. -Daily  Discharge  Records  of  Wabigoon  River,  near  Quibell,  Ontario. 

[Drainage  Area,  l./ili  ^'l"'"'  '"i''-') 


Day. 


7.. 
8.. 
9.. 
10. 

II. 
12. 
13 
14. 
15. 


16   . 

17.. 
18,. 
19,. 
20.. 

21.. 
22, 
2.V, 
24   . 
25.. 

26., 

is! 

2<>. 
30 
31, 


Avjgust 


6 «  5'' 


GauBe 
llcisht. 


FcPt. 

26-51) 
26-54 
2C.-55 
26-51 
26-51 


26  51 
26-43 
.'6  43 
26  47 

26. 34 
26  22 
26  IK 
26  1« 
26-lH 

26  17 
20  - 1 7 
26 -mi 
26-05 
26  01 

25-97 
25  >)> 

25-,; 

25  89 
25  34 

25-80 
25  -**2 
25 -Wl 
25-75 
25-76 
25-76 


t. 

Scptenibtr. 

Dis- 

Gauge 
lU-iKht. 

Dis- 

charRc. 

Sec.-ft. 

Fi-.-t- 

ScL-.-ft. 

1.255 
1.2.W 
1.235 
1.215 
1.215 

25-76 
25-75 
25-7S 
25-74 
25-72 

S60 
855 
855 
;i45 
840 

1.210 
1.215 
1.175 
1.175 
1 .  195 

1.130 

1.075 
1.055 
1.055 
1.055 

l.o.so 

1.050 

1.015 

985 

980 

955 
940 

955 
920 
895 

8H0 
885 
KHO 
SMI 
860 
860 


25-68 
25-67 
25-63 
25 -.59 
25-68 

25-72 
25-83 
25-84 
25-89 
;5-93 

26-09 
26  77 
27-26 
27-51 
27-47 

27-26 
27-12 
27-09 
27-17 
27-18 


October. 


Gau«c 
Hcislit. 


Di-i- 

chargt-*. 


82'; 

815 
805 

7X5 
825 

840 

(r,() 
895 
920 
940 

1.015 
1 .  340 
1  .  580 
1 .  705 
1.680 

1  580 
1  504 
1.495 
1.535 
1,540 


77 

74 

1.570 

'7 

1.535 

Qi 

1. 9111 

}h 

1  .  340 

lb 

70 

1 ,  305 

Sec.-ft. 


26-67 
26  -  59 
26  52 
26-50 
26  42 

26  -  39 
26-34 
26  -W 
26-26 
26-43 

26-59 
26-67 
26-68 
26-68 
26  68 

26-67 
26-59 
26-58 
26-43 
26  42 

26-26 

26-26 
26-25 
26  24 
25-25 

26-14 
26  10 

26-09 
26  (19 
26-09 
.:6  08 


295 
255 
220 
,210 
,170 


November. 


Gauge        Ois- 
lleight.     charge. 


I.r''. 
1.1.(0 
1.115 
1.095 

1.175 

1.255 
1.295 
1 . 3(8) 
1 . 3(81 
l..!00 

1  .  295 
1.255 
1.2.50 
1.175 
1.170 

1.095 
1  095 
1.090 
1,085 
1,090 

1.035 
1,020 

1  015 
1,015 


Feet, 

26-05 
26-05 
26-05 
26-05 
26-05 

26  02 
26-01 
25-94 

25-84 
25-80 

25-75 
25-75 
25-76 
25-76 
25-75 

25-76 
25-83 
25-80 
25-76 
25-76 


December. 


Sec.-ft. 

1.0(K1 
1,0(8) 
1,0(8) 
1,(881 
1,0(H) 

985 
980 
945 
895 
880 

860 

855 
86() 
860 
860 

860 
890 

8:10 

860 
860 


Gauge 
Height. 


Feet. 


25-75 
25-72 
25-68 
25-68 
25-67 

25-67  ! 
25-67 
"^S  -56 
25  68 


l.OI.S    25-66 
.010  


855 
840 
825 
825 
815 

815 
815 
810 


Dia- 
harge. 


Sec.-ft. 


^nswsspTCaSB!^ 


Winttipca  River  Pouer  and  Storui^r  Invest  illations. 
Table  82.   -Monthly  Discharse  of  Wabi^oon  River,  near  Quibell,  0> 
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Month. 


Auiiu>t     . . 
i*«u(rinlK'r 
(Xlober   . 
November. 
DetcmbiT. 

The  period 


DiscHA»(.K  i.N  .SutoNo-rtar. 


Ma.Yiiiuiiii     Mininiii 


1.2  VI 

l.yid 
1 .  111(1 
I  .um) 


l.uio 


I. cm 

Kill 


M..,ii 


1  .IKIl 

I    1X1 


UiMiiAKns  IN  SEciiNiimKr  pku 

WJl  A«K    Mil  K. 

Hi-'N.opr. 

M.txiriiimi 

Miniiiitiiii 

n  M 

11  4'< 
1)  r.l 

0  4i< 

M.in 

Di'tiih  In. 

in.  hen  nil 

<ll.lin,)|{e 

.irea. 

II  7s 

I  I'l 

II  SI 
U  ■  lii 

0  ftSI 

(1  ;  li 
(1  r|ii 
U  S4i> 

II  ;< 

II    Ml 
1)    Ml 

0.61 

1  1') 

U.h6 

.1  00 

i;.\(il.!.    RIVKK    .\T    KAI.I.l.;    KlVl  K. 

Location.— M  the  highway  bri.lKo,  l.OOO  feet  smith  of  the  Canadian  Pacific 
Railway  crossing  of  the  river,  and  abose  the  Cascades,  in  the  township  of  Aubrey 
Kenora  district.     This  river  is  a  f)ranch  of  the  \VaI)igo(,n  Hmt. 

Records  Available.-MomhW  .hscharge  measurements,  January  to  Novem- 
ber, 1914.     Daily  gauge  heights,  Keljruary  12  to  Decemliei  .U,  1914. 

Drainage  Area.~<KU  sc|uare  miles. 

Ga«,(;e.~-Vertical  steel  statT  gauge  witl,  enamelle.i  face,  gradiMted  in  feet 
and  inches,  ami  located  on  the  .soutli  face  of  th..  bridge  crib,  near  the  southeast 

"V-r:.  "'■"  ";  ^^'^  ''■^'  •'*''"''  "^  '^'^  ''''-'■  ''■^'^"  '"•^"  ""  ""'  Kauge  (elevation 
1.1/2-99)  ,s  referred  to  a  bench-mark  Mevation  l,19,r22)  consisting  of  the  head 
of  a  spike  driven  hori/ontally  in  tlu-  face  of  the  water  tank  near  the  bridge  on 
the  main  hue  of  the  Canadian  I'acitic  r..ilwav .  Another  bench-mark,  at  an 
elevation  of  l,176-.Sf)  is  painted  on  a  rock,  on  ilie  left  bank,  .i  few  fwt  alioxe  the 
cross-section. 

C//««;;W.-^  Straight  for  about  100  feet  above  tile  station,  with  the  water 
running  slowly.  Below  the  .section  the  channel  is  str.iigiii  fur  about  '0  feet 
with  swilt  water  running  to  the  f.,11  over  the  Casca.k-..  The  b.mks  are  clean' 
high,  rocky,  and  not  liable  to  oxerllow.  The  bed  consists  of  soli.l  rock  and  is 
pyaclically  permanent.  At  extreme  high  w.iter  the  flow  is  cut  up  In-  the  bridge 
piers,  but  under  normal  conditions  the  How  is  all  through  one  channel. 

Dischar'^e  Measurc,nn,ts.~\\M\v  from  (he  highwav  bridge  with  a  Price 
current-meter. 

Accuracy. —-yWis  is  nearly  an  ideal  .section.  The  sum  of  the  differences 
between  curve  and  measured  dischaiges  for  same  gauge  heights  is  ,3  09  per  cent 
of  the  sum  of  those  measured  disch.irges. 

Observer.—].  Nelson,  Eagle  River,  Out. 
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TtihU  .S.i.     Di-uhnm 


Peparlmnit  of  the  liilerinr. 
„.  Measurenu^ls  of  Ea,U  river  at  Ea.le  Rhrr,  (Mario. 


\lh.iin.itf  Ati.i.ow    IHJ"  miUi.) 


Table  S4. 


na,h  msrhar,.'  Ke.ords  of  l-a,lr  river  at  l'n,Ie  liner. 


Oiiliirto. 


ilir.iiiuis'-    In  J.  *"' 
1914. 


ii:rf  miii' 


^^m  «lBrM'\tlVrllk<lflH 


n'iw«(>fi;  Kiver  i'mur  ami  Stonier  InvntinntioHS.  W> 

Table  S^. -Pally  Disiharzi  Knords  of  Eajt  rivvr-    Cuiu  liuli-<l, 


Day. 


It 
M 
II 
14 
IS 

lA 
17 
IH 
IV 


il 
i\ 
i4 

lf> 

n 
in 
it 

M 
.11 


July. 


lli'lllllt 
l.l,-«   4( 

i.uri.i 
i.r.-v4; 

I.Kf  41 
1.I7<    H 

I .  I  M  4'l 
I.17V4; 
1.175  4< 
1.175  IH 
I,I7J   J<) 

1.175  l.t 
1.175  .Ifi 
1.175  41 
1.1 75. 45 
1. 1 75. 47 

1.175  IK 
1.175 
1.175  4t 
1.175    .4 

i.ns-Ji 

1.175  11) 

1,175  .>4 

1.175  2K 

1.175  IJ 

1,175  W, 

1.175.24 
1,175  U, 
1,175  24 
1.I75.U. 
1,1 75. 1 1 
1.175   If, 


l)U- 
clurKf 

Sri    .11 

X4fi 

Kill 
HAH 
HII 
H55 

KHl 
HfiM 
H55 

Hin 
765 

754 

IWI5 
XII 

1155 
HAH 

HIA 
7A5 
H4A 

7ii; 

775 


AufUH. 


llpUht 

K.'.i. 
1.175  In 
1175  II 
I,  175  If, 
1.175  II 
1.175    IW 

1,175  II 
I.l7i  ll<) 
1,175  07 
1,174  'W 
1.174  VS 


174  05 
174  ')5 
174  '<5 
174 
174  Ul 

174  H 
1.174  H 
1 .  I    <  HI) 
1,17  1    7H 
1.174   74 


III. 


7A5  1,174-72 
710  1.174  AH 
754  l.l74.Af, 
77  I|.I7I  Al 
H05  ,1.174  57 


1,174  51 
1.174  4« 
1.174  47 
I.  I .4  45 
1.174  41 
1.174    IV 


7  Ml 

:  III 

AH« 
A7H 
AHO 


n  11 
AH'( 
A7H 
AH'» 
AAI 
A54 

AfSI 
A54 
AlA 
A(W 
5'H 

5H4 

.5H4 
5H4 
AIM 
5  7A 

542 
512 
511 
52A 
SIM 

5112 
4HH 
4ttll 
4A2 
450 

4IH 
421 
417 
410 

,|i)H    I 
l<M    I 


litrtrBibtr. 


<Ull4r    t    f'** 


1.171  II 
I  174  HI 
1.174  2A 
1.174  211 
I    174  07 

1.174  211 

1.174  211 

1.174  IH 

1.174  1A| 

1.174  IH 

1.174  211 
1.174  24 
1.174  2H 
1.174. 12 
1.174    lA 

1.174  41 
1.174  5  1 
1.174 
1.174  5i< 
1.174  Al 

1.174  Al 

I. 174  Al 

1.174  Al 

174 

1.174  51 

1.174  51 
1,174  51 
1,174  51 
1.174  4') 
174  4'l 


.-,  (I 
17" 
IA7 
155 
I  til 
107 

110 
110 
115 
110 
115 

140 
151 
lAI 
.171 

.IHH 

404 

4IH 
450 
45a 
4Ai 

4A2 
4A2 
4.4 
444 
4IH 

IIH 
4IH 
410 
42  1 
421 


IX  later. 


li.illlt«» 

MiihAi 

Km.  '< 
1171  41! 
1.174   5|| 

i.i;i  I'll 

I     i;4    45: 

1.174  41 


IX. 

I  llurilr. 

»,  fl, 
421 
4111 
421 
410 
I'll 


1.171 

IH 

I.I7I 

IH 

1.171 

If, 

1.171 

lA 

1.171 

IH 

1.171 

IH 

i.l74 

11 

1.174 

4') 

1.174 

5  1 

I.I7I 

51 

1  . 1  74 

*.  1 

1.1.4 

55i 

1.174 

<l 

1.174 

■Ml 

1.174 

4'< 

1.174 

4'( 

1.174 

4'l! 

1.174 

4'i 

1.  174 

47 

1.174  121 
1  174  IA; 
I    174 

i.i;> 

1.174  12 
1    174    11 


•14 
■  '2 


NovpmlN*r. 

iMllit-  1>U- 

[Mrtilhl        i-lufKf, 


1.174  I.' 

1.174  IA 

1.174  14 

I    174  IA 

1.174  14 


I'M  |1.17l    12 

If  I  11.174   2H 

I'll  !l    17*    12 

IHH  ;  1  .  I  7 1     (2 

IHH  1    174    12 


I'll 
I'll 
I'lH 
421 

4IH 


1.174  12 
1.174  24 
I. 171  22 
1.174  20! 
1.174  22l 


Vi-.-ri 

171 

.INN 

I:  • 

,IN„ 
I7H 

171 

lAl 

17  I 
171 
I7J 

.171 
151 
.145 


4IH  11.174   2lil 
4 IH   1 1    1 . 1 
411   1 1.  I  71   lAJ 

11.174.24 


4IH 


410  11.174   2a| 

421  il  17124 
42  1  il.  174  .'2 
421  il,l7l  24 
421  il.l74  2A 
417   11,174   2H 


,171 
IHH 
,I7H 
171 
17  1 
.I7H 


I.I74  2H 

1.174  i"' 

1    174  2A 

I    171  2H 

1.174  2H 


Drcrmtirr 

<*4tl|f  l>i»' 

lli-i  II       charn. 

••V.-1         .Src.d 
I    174    2A  155 

1.174   22  445 

1.174221  145 

1.174   20  Itll 

1.174   211  140 


I    174  HI 

1.174  IH 

1. 1 71  IH 

1,174  IA 

I    174  IH 

1    174  IN 
I.I7IIA 

1.174  IA 


I 


140 

1    174    IA 

145 

1.174    IA 

nil 

1    174    IA 

.H5 

1.  174    |fi 

111) 

1.174    1'. 

.151 

1.174    If, 

.155 

l.l;4.|A 

151 

1.174    IA 

415 

1,171    IA 

.151 

1,174    IA 

.155 

1.174    14 

.lAI 

1.174    14 

lAI 

1.174    11 

lAl 

1.174    14 

.155 

1.174    14 

.lAl 

1.174    14 

.lAI 

M74    14 

1.174    II 

115 
115 
115 
1111 
JI5 

.115 

no 

4II> 
nil 
141) 

.I40 

no 

I4i> 

i.iii 

4J» 

ill! 

Ill) 

no 

12A 
Mh 

IIH 
A 
I2A 
♦2A 
I2A 
IIS 


Tabic  A'5.      Monthly  Dijcharsie  of  Eif^lc  riicr  at  Eat^lc  River,  Ontar 


to. 


s,., .  It 
477 
4H5 
5112 
.52A 
.5,1.1 

i  5.1.1 

s.n 

.5AH 

7.10 

'  Hil 

HH.l 
,]  HH.I 

I  >)4H 

lAO 
i  lU) 

1  I'll 

,1  <W.I 

li  lOH 

I  OAO 

.1  '120 

l!  "Of! 

.i        Qim 
A        '*'H 

I  111)8 

A  'J<)» 

;?  908 

1.5  S55 

15  H55 

15  H55 


:llr,ii«,ii:,-     lf,<i     "11   M.'a.lrc   mdn.) 
1'II4. 


Discharge  in  Si   ond-Keki. 

DlHCIIAIIUR   IN  SecONU-FkIT 
l-KK  SOUAEK  .Mile. 

RUN-0|r», 

.Month. 

Maximum 

Minimum 

Me.in. 

i'M 

.115 

7';h 
7'J4 
54H 
.Via 

41  IH 
.lAII 
.122 

.Maximum 

Minimuni 

0  |g 
0  211 
0  24 
0   51 
11   7  1 
042 
0    I.I 
n  40 
0.,I5 
0  34 

Mean. 

0  21 
0  22 
0  44 
0  S5 
O-H.i 
II -5«) 
II  42 
II  44 
0  .K 
0.14 

0  49 

Depth  in 

inihf,^  on 

Or.iinatft' 

Area. 

INI 

IH6 
224 
477 
ft7H 
I'll 
,107 
.171 

.nil 
.UN 

Oil 

1)  24 

0  .51 

1  (IA 
(|.<(5 
0  74 
0  51 
II  4H 
0  42 
0.J8 

Feoruury 

March. 

i'»M 

22  7 
477 
'Wl 
HHI 
AHi) 
474 
444 
.188 
J55 

April 

May 

0  24 
024 

019 

July.    . 

0  «.S 

August 

0  VN 

0  AN 

(Vlohfr 

0-47 

Novrnihcr 

December 

0-50 
044 
0  .!■» 

q<)l 

444 

lOA 

Ol") 

5.2S 

KM.I.ISII    RIVKR    AT    EAR   FALLS. 

Location.  -At  the  foot  of  Lac  Suci,  .lU.ul ,?  miles  below  Fine  Ridge,  Hudson's 
Bay  <"  .npany  post,  and  about  one-quarter  mile  above  Upper  Ear  falls,  Kenora 
district. 


mm^^^'mmm'Wii-immwMKu'ii^  m  m7s^ 


'wm 


Depnrttntnt  of  the  Initrior. 
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Re,or,h  AvaiUMe.     Monthly   .li«harKe  nuMHurrmrntH.   July   to  OitolH-r. 

n,iUs  auive  .';  ^-Hion  ....  i-a.-  Su.-I.  b...  .1..  ..ot  kIv-  .!"•  .l-...a..on.  a.  the 
gaiiKixK  wTtion. 

I)rainav.f  Area.     Not  ...i-aHiiml. 

rA,-.,      Wrtir.l  Mnl   Stan   with   .nanulU.I   faO'.   Kr...li.....-.l   ...   UH   an.l 

r<K  K  on  Hit  "'I  i"'">»t  •  'II,.,  ,,.rii  (in  tlif  ir.inuc 

...i..-  paint  an.l  ...M  a,  th-  i.n.ial  po.n,  ^•-;-;  ;;;;,.    '^/'^/lilf...^ 
(elevatmn  11514)  is  nf.m.l  ...  a    »•'  ''"'j^';  ''!';'"',: ,,  inlorat-.l 

r;;:!::,r:z;;:uri.,^::":':.:""::i™;^ ■« "-'- 

'^'^''""'  .      •,     f       1    ,.    iiHil.....   ihov.-.m.l  <0(l  ft. t  Ik1..w  tin- station. 

::;^:ul..  "  ■  :  .::l;^t tX^is..,  ..:.. m.  t,.....K..  on.  chan..,  a.  an  s,a..s. 
mcUar^e  Measur,:.,..     Ma.U-  fron  a  cano.  with  a  sn.all  lT..v  .urr.nt- 

""'"rr«rarv.-na<kwa,.r  on  .l-  UU  i.ank  a,  .-..rtain  >...«..  of  tlu-  river,  .ausen 
difficulties  in  .nakinv  accurat.  nu-asurnnrnts  ot  ,!,.•  .l.s.har«c.. 

Table  ^6.  ~ -Discharge  Measurements  of  English  River^Ear  Falls,  Ontario^ 


Djtr 


riyilroKtaph"- 


.....1 

IlllV 

4 

Auk 

11 

S'l't, 

1-' 

OU. 

,)l. 

1>.  V   BinM.. 


(     (  .  M.Unn.in 
1'.  V,  Hitms 


Wiiltli. 


.(.to  0 

SMt  I, 
MS  ■  I 


Ar.M 
St-'tii 


(t. 


K   fi4( 


WUxity- 


Kt.  Per  stH 

1  111 
I  ()(> 
(I  s< 
(l-7i» 


(^,itui{r 
lli'ighi. 


t><l. 


Sec.  (t. 

d .  'lOfi 

7,4im 
6.  HOI 


l.M.I.ISII    KIVl  R    \\    M.SMTOr    F.VI.l-S. 

r       ,■  \l.ont  800  fiet  above  the  first  chute  of  the  Manitou  falls   and  5 

..   ^rr"th;    r  \h  uwa  Huclson-s  Bay  ('..mpany  post.  Kenor.i  .hstr.ct. 

tSJtZ  ^:^^^  "ver  one-half  n.le  he.ow  the  ttteterin,  st.U.on. 

1914.  , 

nmiMflre/lfca.     Not  measured.  ...  i 

rJ    Vertical  steel  staff  with  enanu-lle.!   face,  graduated  m  feet   and 
Gauges-Vertical  stcc  ^^^^     ^^^j^^,^,  ^^^,  ^^.,^^.,,  ^,,  ^, 

inches,  and  screwed  to  a  b.nch  hew  n  I        p^    ^^^^^^^^  ^^^^_^^^  ^^  ^^  ^.^^^^^  ^  ,^^^^j 


W" 


4n 
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clivali.in  UK)  (H»)  l.walwl  on  the  left  hank.  «<K)  f.rt  -.nuth  of  the  M-rliun  ami  at 
the  head  «.f  tin-  falls,  50  fit-t  wist  i>f  the  in  .id  <.f  tin-  (MirraKr. 

Chanttrl.  At  a  |><>int  l,2(M)  f.ti  al.ovc-  tlio  Malioii.  thr  rivrr  liirii-.  I.,  tlu-  riKlit 
intd  a  comparatively  <*trai({ht  (»tr«nh.  and  ofMns  into  a  wc-t-dy  niar-.h  or  small 
lake  «(H)  frit  ImN.w  til.'  Hc.ti.,ii,  just  al«.v.  Mir  falls  [J.,ili  h.mks  .ir<-  hinh, 
roikv,  anil  w.kmI.cI,  and  will  not  ..mtIIuw.  I  In-  nirrrnt  is  sluKnish  and  Hows 
thruUKi)  one  cliannil  at  all  slant*. 

Dischitriif  Meauiremeuls.  .Madr  from  ,i  cmo*'  uiili  .,  >rnall  I'rid-  lurr.nt- 
nn'ier. 


Tahlf  .H7.-Dhchariit  Mensurrmenl^  nf  English  River  at  Manituu  Falls.  Oni 


arw. 


lulv 

1 

AtiK 

«i 

S>-\,i. 

111 

(XI. 

II 

llv.lt.niT.ii.li.-r. 


\l,l. 


Wi.ltli. 


Vtvt. 


.\l..l    Ml 

s»t  thm. 


S.|   fl 


I'M!  7  1  ««|  ni, 

I'H   7  I  'ml  n 

l~!   ■)  1    7.'l  I 

IXI   II  :     l.>,|'>  1)1 


M.in 
v.- H 


Fl.  Inr  -rt 

-■    Ifi 

•   III 
-'   ix 


I  ».il(i.'l* 

II. mill. 


I....I. 


'II  4fi 
'II   H4 


Ou«  li.ifur. 


'     fl. 
'I    K%% 

iii..';'> 

H.  SHU 


IM.IIMI    HIVI  K    MAR    (l\K    I  AKK    FAI.I  S. 

Location.  Ahout  I  milf  ali.ivf  ila-  iipinT  fail  of  <),,k  I.akr  falU,  and  about 
one-lialf  niilu  helow  Wilcox  lakr.  :'isirirt  of  Ktiiora. 

Records  /h-ar/nWc— Monthly  ilischarne  measiiriMiuiiis,  AiiRUst  to  Novi-nilKT 
1914. 

/Vai«age/lrw. -Not  nu'.isiircd, 

Gaiige.-'A  licnch-mark  t;.itiK«'  lor.iicd  on  a  rock  in  the  river  ,it  the  st.ition 
near  the  rijjht  bank.  The  initial  point  for  soundiiiKs  is  establi>liiil  on  ihc  left 
bank,  and  consists  of  the  head  of  a  n.iil  driven  into  tiie  bl.i/ed  side  of  a  li-iiu  h 
poplar,  painted  I.  P.  \.  70°  W. 

Channel.'  -Str.iiyht  for  about  .^(M)  feet  .il.o\e  .iiid  one-half  mile  below  the 
station.  Both  b.mks  are  hiuh,  rocky,  wooded,  .ind  not  .  ble  to  overllow.  The 
bed  of  the  stream  is  r.i>  ky  .ind  pr.n  lic.iily  perm.iiunt.  The  current  is  sluKnish 
at  the  station,  but  swift  ihroii.uli  llie  little  r.ipids  ,SO0  feel  below,  after  which  it 
becomes  sliiKgish  to  the  head  of  (he  fails.     One  channel  exists  at  all  stages. 

Discharge  .Measurements.  Made  from  a  c.inoc  uiiii  a  small  Price  current- 
meter. 


id 
he 
ed 
on 
.>et 
ed 


Tabic  8H.  -Discliaryx  Measiire»ienl.<;  of  English  Ri.cr  at  Oak  Lake  Falls,  Onta 


no. 


Date 


1914 

Aug.  7 
Sept.  27 
Nov.  .s 
Uk.  2,1 


Il>ilio(jr.i(iIifi. 


C.  C  .McLennan 


VVMth. 


Fc.t. 


.\rc.i  of 

Section. 


Sq.  ft.        l-t.  I 


Mem 
V.-l,„lly. 


S<-c.-lt. 


,I')7J 

7.011 

1    ftS 

l')7    11 

II.J44 

6.774 

1    41 

I '16  SO 

9.56H 

1.672 

1    JO 

I'i6.25 

H.b^H 

6.42M 

1    11 

I')5   64 

7.1.11 

^  t¥W13i 


r-^.-'i' 


i.,V 


fv'^'';iS:vt'«. 


I'' 


472 


Deparlmoit  nf  the  ItHerinr. 

KNdl.ISII    RIVKR   AT    STlKdCON    I  AI.I.S. 


locauon.     l..Ka,..l  about  300  foH  above  .lu  lowest  of  the  three  falls  known 
-^=::u::;/S:'-li::-rS..,...en,easn... s,f.o,M U.Oe.obe. 

1914. 

Draim^e  Ami.     Not  measured.  ..  ,i„  , ■..,■,   ,„    f.-et   and 

,      \',  niril   steel   staff   with   enamelled    f.tee,   •  .  •dua.-!    n,     <(i   an.. 

marked  I.I*. N.  10    1..  ,      ■       i        r  .i,,.  rU-.-r  ili(i\e  ilii' station, 

'--^=f:S^^^ 

"  "S::/;:;;^^^,......../.     Made  fn...  a  eanoe  with  a  sn.all  I'riee  eurrent- 

""'".„/ro/.     The  Drvden   Tin.ber  and  Power  Company  operate  a  <lam  on  the 

WabiRoon  river,  which  is  a  tributary  stream. 

Tal^lc  HO.    -Discharge  Mea...rn„n„s  of  l-,„lisl>  Rircr  at  S,nr,c,n,Ju:Us^ario. 


D:\U- 


I')I4 

Juiv  U 

July  H 

SciH.  11 

Ocl.  ii 


lly.lmsr.ipliiT. 


C.  C.  Ml  l-eiin.m 


Wi.llli. 


Ar.'.i  ..f 

St-'  tKlll. 


Mil 

Miti 
.(54 
.(.S7 


MiMll  t.aUKi- 

\i-liKitV.  lli-iulll. 


_    -  -    - 

- 



Sii.  ft. 

Kt. 

HT  SCI  . 

1-Vi(. 

1  .  ». 

1)1    S.^ 

'i.,V); 

K.hJI) 

151 

1    .!" 
1    ,11 

1)5  •, 1(1 
■M  •  25 
«).!-55 

Di«  li;iri;i'. 


Sc.-fi. 
11  •>''<> 

1  I.  KM 
tl  OKI) 
11,444 


KNC-.I.ISII    UIVIR    AT   CARIItOi:    lAl.I.S. 

Location.     :\hout  1.200  feel  above  Caribou  Falls,  the  lowest  falls  on  the 
'^^').ec :^r;S;:-Monthly  discharge  measurements.    May   to  October. 

1914. 

nminaee  Area. — Not  measured.  ,-   .^  r    *       .-.i, 

GaT-Vertical  staff  located  on  the  left  bank  of  the  nvcr.  2..  •  6  fc.t  no  U, 

the  r^ht   thence  flowing  comparatively  straight  to  the  head  of  the  falls.     Both 
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banks  are  luKh,  rot-ky,  and  woodfd,  and  not  lialilo  to  ovfrlluw .  'I'lu'  lii-d  i.f  the 
stream  is  rocky,  with  large  honlders  or  protrudiim  >helves  of  rock  and  practicallv 
permanent.     Tiie  water  near  the  left  i)ank  is  still. 

Discharge  Measurements. — Made  from  a  ranoe  and  raft  willi  a  small  Price 
current-meter. 

Control. — The  1  )ry(ien  Timber  and  Power  Company  oper.ite  a  pi ani  on  the 
Wahigoon  ri\er,  a  tributary  stream. 


Talile  90.  —Discharf,e  Measurements  oj  Enf^Ush  River  at  Caribou  Falls,  Ontario. 


IJat 

f. 

l')14 

May 

.>^ 

JUtH' 

14 

iMlV 

tl 

S-,.I. 

5 

(> 

(I 

7 

K 

o,t. 

.'0 

I)l>. 

14 

^>■^lto^;t.n>ln■r. 


Widtli. 


216 
.'.)') 
24() 
IV> 
Wl 
2V) 
i.VI 
2.W 
IM) 
2411 
2,lf> 


Aiv.i  (,f 
S',  tioii. 


Si.  (t. 


1)^1 

214 
.,i42 

III') 

UiS 
l.HI) 
\U{\ 
l(,4 
I'll 
1120 


M.-,,n 
Wl'K.ry. 


ri.  per  Sfr 

0»7 
1  4t 
1  SI 
1  IS 
I  I'J 
1    I') 

1  r; 
1  .(i<) 
I  If. 
I  n 

nss 


lliMKhl.     I  Di-i.h.irt'-. 


IVvl. 

1(11  72 
102  '12 
KUi; 
1(12  1(1 
1(12  ■  I'J 
1(12-  t(, 
1112  ■. I'. 
1(12  IS 
1(12-  U 
102  4S 
1(11    -,s 


M 

7H^ 

14 

ri(K> 

IS 

KI2 

12 

(llil 

12 

1(.' 

12 

IKK 

11 

i)(S 

11 

1X2 

II 

774 

12 

40'1 

S 

MS5 

Table  91. — Miscellaneous  Discharge  Measurements  by  the  Ilyilro-Kleclric  Pouer 
Commission  of  the  Province  of  Ontario,  in  Winnipci^  River  Watershed  in 
Ontario. 


I 


ih 

TO 

'5) 


WinniiHK 

York 

KnK!Uii..V 
Rainy 

St'ini' 

Wahit-ntni. 


I 


Date. 


J.in. 


Oil.  14. 
.April  S . 
Oct.      10. 


(Vt. 
(Vt. 
Dc,-. 
(lit. 
I>i-.  . 

o.t. 

J.in. 
IV.  . 

o.t. 
o.t. 

May 

June 
(Vl. 
.April 

.Inly 
O.t. 


I'lOS 

l'l(l<» 

I'lO.S 
I'ldS 

mo.s 

l'l|4 
I'I14 
l'i|4 
1')I4 
I'lU 

I'll  I 
I'm 

I'lH 

I  'i()(. 

|'Hlf» 
I'llli 

I'll  If. 

I'llO 

I'lllfl 

i  'Kl.S 


2117 
14(1 

.';.,t2i 

4.4'lll 

X'I'I 

411(1 

2i.;'u 

»..st7 
.SIO 

si 


12. 


-'1 


7  .  (.(.  1 

.H    7.S.S 

I  K. 

I.VI 

ft.  740 

(1.702 

I4.14S 

h.KOS 

.S.221 

1.K42 

20(1 


Whit.-  I--i,li  l.ill^. 
H,-l„w  P,.|,.i,  I.,-  I.ike. 
[■;.L-I.Tn  ...iti.-i. 

1..  I.I  \V.  Milium  C...  hiM.I- 

T.l.  »', 

k'cuatlii  I.liniltcr  Co. 

U'.-'ttrn  .uulcl. 

Miiiaki. 

Whiti-'I.i^  iiiortli  ilianiu'll. 

Whit.'.l.n;  1. 1. .(Ill  .h.inni'l). 

Wliili'.l.ii;  i-iiiilli  .h.iimel). 

Wliitclo..  tali-. 

Wl.itc.i,..;  I.ills. 

Bi-li.w  lliKli  f.ills. 

H.low  it. in.  r'llt. 

I'.li.  .111  1..1U. 

M.uiil.m  r.ii.i.i.J. 

l''i>n  [•r.iiKe>i. 

l-"i.rt  l-'r,iTHi'^. 

l-'irt  I-ran.cs. 

I-lan.l  I.. 11-. 

Dry.li-n. 


to 
)th 


...  Department  of  the  Interior. 

RUN-OFF  OF  THE  WINNIPEG   RIVER  WATERSHED. 
Tables  92  to  102. 

.■s^3,  rt.si)ci,iivt  .  ,  1  compiled    by    the 

of  the  Water  Resources  Investigation  of  Minnesota,   1909-12,  b>    the  ^tate 
Drainage  Commission. 


BKi 


FORK    RIVER   AT    HIC.   FALLS,    MINN. 


Location.-M  Big  falls,  about  500  feet  below  the  lower  end  of  the  rapids. 
Records  Available-August  27.  1909  to  November  12,  1910. 
Drninape  -irea. — 1,320  square  miles.  ,,,.,•  ,. 

Srr    Ve    ica,  ,  aff .     The  gauge  was  originally  located  at  the  Mmneso  a 

;~=iris  r^^^::^::^;' ™-^^^:^-.  r^ 

'''^or:flAl,W,T:ha„«.,  is  pracicaUv  p™,an„.  in  i.s.U,  .  i.  .or 

the  Brea.c,  par,  of  .l.c  year  '"H  "<'<«».  _,„  .       y,,  „„.,„„,*  ,„i|„ 

Discharf,e   Measurements.— MAfXa   ironi   a  car  d 

'"■"""it.rZl  -L>aiiy  .faharge.  January  1  ..,  M,  «.ti„,a,cd,  l«,cau.e 

„,  ic  1  c,«hargc  ,^ca.uremc„.,,  sauBc  heigh,,.  •■7«» 'f  ^-^  J."  ' 
a.char.o„,aaj.,ce,,,Jrai„a.....»^ 

'""  rrirVrc  d'.:  «( >««  ia..  .hr„,.ho„t  .ho  Hyer.  c„ur»  ^a.es 
.  ■  "n;  ,„  Ir,  nlicc  a  cauEc  that  the  relation  betxvecn  gauge  he.ghl.  and 
;;i;:,;l:::":'™^c„!;'r„t^L  a^ny  emended  ^,i„d.    0«in.  .o  .^c  jna     ;.,  .o 

r.  ™.,y  ,nea»ren.e. 
,he  P'-f^  "  ;.';  ;'';;';i;Se  es.in.atei  iro.n  the  curren,.n,e,er  measurements. 

WEmmmB 

"^'^^l/S^nS'^nited  States  Geological  Survey  Water  Supply   Papers  305 
and  325. 
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Table  92.~-Discharf^e  Measurements  of  Biv.  Fork  River  at  Bin  Falls,  Minnesota. 

IDrainage  area.  I..!20  square  miles.; 


Date. 

Hydrograjjher. 

Wiilth. 

Feet . 

266 
246 

Area  i.f 
Sertiull. 

Sq.  ft. 

l.SIO 
1.210 

Mean 
Vel(xity. 

Ft.  Her  >ei . 

tV.iuiie 
IleiKht. 

Feel. 

4  66 
4    10 

2    T.S 

7117 
.i   K9 
2ft.S 

2    4( 
2  ■  .(9 
2   24 
2-24 
S-IK, 
.<■!.( 
2   41) 

■i  65 

Di-ctiari;e 

1900 
Aug.     27 

G.  A.  Cray 

Sec. -ft. 

Oct.         I 

1910 
July      22 

Robert  Foilansbee 

6S-I|1 

1911 

June     in 

S.  B.  .Soule 

12 

65    SI 

26  9' 

.i;  ■  >« 

27  (I' 
.',s  .,« 

Dec.     IJ 

"             

1912 

Jan.      2,! 

S.  B.  Soule 

Feb.      27 

April       1 

"              

1 

" 

May     21 

Auk.       X 

9,  ..!» 

Dec.      20 

19|.t 
Jan.       U, 

Soul* 

1914 
Aug.      l.i 

Stewart 

lis 

.141 



'K'^tiinati'fl  from  rough  mcasurenuMit. 
"M-Msurement  made  from  Md.  I.  Ky.  bri'Iao. 
^-Mt-'asurtMiu-nt  made  from  (.able  station. 

*Compk*U'  ire  covi-r.  average  tliicknuss  0-7  foot.      Mr.isiircd  at  rahle  station. 
'Ice  cover  1  ■24  foot  thick,  water  surfa.e  to  top  of  ii  e  f)-2<*  foot. 
•Ice  cover  1  -27  foot  thick,  water  surface  to  top  of  I-  e  \)- M  toot. 
^Section  40  feet  brlow  ed^e  of  hinhway  bridge. 
"Section  25  feet  below  *^ilv.i^  of  highway  bridge. 
•Backwater  from  loss. 
'"Complete  ice  cover  at  Kaii«e;  ojwn  wafr  at  m  astirinii  sci  lion  at  fool  «.t  rap 


W'^;^i^ 
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Table  03.     Daily 


Department  of  the  Interior, 
ily  Discharge  Records  of  «.«  Fork  R.ver  at  liw  Fulls,  Minnesota. 

|l>r.iin,«e  .irua.  l.'i"  ■"Hi-'"'  ""li-sl 


Auttust.            1 

Si'ittembrr. 

Cktohi-r. 

Novenil>er. 

I)»v. 

Height. 

Dis- 
charge. 

r.iiune 
lleisht. 

Dis- 
charge. 

Gauge 
Height. 

Dis- 
charge. 

Gauge 
Height. 

Dis- 
charge. 



Feet. 

Sec. -ft. 

Kei-t. 

Scc.-tt. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

I 

2 

3 

4 

812 
731 
628 
574 
530 

536 
it! 
470 
465 
460 

1.140 

1,070 

1.000 

955 

918 

S 

6 

7 

8 

9 

481 
465 
415 
400 
375 

460 
445 
445 
470 
552 

854 
805 
770 
770 

738 

10 

11 

12 

U 

U 

366 
348 
360 
360 
375 

67') 

784 
8>0 
840 
840 

712 
628 
580 
552 
525 

15 

385 

875 

16 

17 

18 

19 

3<)5 
375 
430 
470 



910 

910 

948 

1 ,  UK) 

20 

514 

1 .  340 

21 

22 

23 

24 

616 

738 
784 

1.820 
2.140 
2.140 
2.100 

25 

718 

1.960 

26 

27 

28 

2'> 

11* 
1.040 
1. 110 
1 .06;) 

653 
604 

580 

552 

1  ,  780 
1.600 
1  .  430 
1,310 
1    210 

30 

31 

1   

948 

1 

1 

"i^^F^a^m-i^a^^ 
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Table  93.     Daily  Dischari^e  Records  of  /iia,  Fork  River  at  /ii'^  /■nils.  Minuc.solu    - 

C'()iuli'-It(l. 


Day. 


J.inuiiry. 


February. 


I  (laiiKc        His-     I  (laime  i      Dia- 
lli-iKht      i-harui".  illciiiht.     clurBi-. 

Kc't.       Ser.-fl.       Ki-et.       Sti.-ft. 


y 
to 

n 

12 
H 


16 
17 
18 
19 
20 

21 

22 
2.1 

24 

2.S 

26 
27 
28 
20 
,10 
i\ 


Xtarch. 


At.til. 


(iauKi" 


Dis. 

.ham. 


ll-iBht 

h  W 
7    1.5 

7-2.S 
7  ■  .'0 
f.  «0 

h  S2 


(I 

IK 

ft 

OK 

6 

12 

6 

iO 

7 

4.>i 

K 

>  > 

S 

(iK 

fi 

r»2 

K-.SK 
X    1') 


7-("l 

(.  ■  .'IK 
r.  40 
(1  ■  _'K 

6  2K 


May 


I  ll.ltlil-. 

St-o.-fl. 
i .  QM) 
t.-'DO 
.1.  KKI 
.*.  KM 
2,K(ri) 

2.KK0 

J.  "40 
2.  "20 
2,(.^.0 


Ciailui* 
lli-iKht 

F.cl. 
6    12 

(.24 


6   05 

0    12 


2 ,  .1.V0 

1 .  .>(«) 
4. ,110 
4.;')o 

4,7. 10 

4.f.')0 
4 .  1H» 
l.MiO 
.1,  IKO 
.l.(H.O 

2.640 
2.4  70 

2 .  .IM) 
2 . 2.10 
2 . 1(.0 


'.■02 
.■i  IK 
.5  .5(1 


2.4')0   ]  5.(,0 

2,. no    ;  .5     12 

2.260    I  5. IPX 

2.170  j  4.K6 

2,200  4    72 


1    s 

2K 

■■^ 

12 

.14 

26 

20 

l.S 

05 

.14 

K.S 

4 

•SI 

June 

I)U. 

'"•aiise 

Uis- 

l.atK... 

ll.lKllt 

,  ha(i'('. 

-.■.■.  ft. 

Iwt. 

Sr.-ft. 

2..1.)0 

4  76 

1.0.10 

2 .  120 

4   72 

1    IKK) 

2,070 

I  65 

.)4« 

2,120 

4    52 

K54 

2,1. SO 

4    6K 

>170 

2 .  1  10 

4  K2 

l.OKO 

2.2)M) 

I   7.( 

1,050 

2  no 

4  (,K 

'170 

2.020 

1    5.) 

'Ktl 

l.'KiO 

4    5  2 

K,54 

1.7  10    i 

4  41 

777 

1  .  4')0    1 

I    i<)  . 

764 

1  .  2K0 

4 -.56   1 

,HS2 

1.110 

I'Sl    1 

K4  7 

1.0<KI 

4.41    1 

777 

1,210    ; 
1 ,540    I 

i.6.)o  : 

1.75IP 
1.62.1 

1.51.. 
1  ,4^ll 

1.5;o 

1.5IK1 
1  .  440 

1  t.10 
1.  Mil 
1 .  260 
1  .  1  70 
1.120 
1  .070 


4     15 

4-40 
4  26 
4  21 
4    11 

I    '16 


1 

15 

4 

IM) 

.1 

X') 

J 

x\   1 

1 

76   1 

i 

(.4 

i 

r>o 

( 

^4 

.501 
610 
.525 
465 
42.5 

4IHI 
17-5 
14.1 
12.5 
.101 


i 

1 

.1  4'( 

2 

.1   41 

.1 

.1.16 

4 

.1-.14 

.5 

.1.2S 

6 

.I.IK 

7 

.l-.U 

8 

.1-26 

1 

.1-20 

10 

.116 

July. 


1.1 

14 

1.5 

16 
17 
IS 
19 
20 


23 
24 
25 

26 

27 
28 
29 
JO 

II 


.1 

•20 

.1 

■16 

,1 

42 

.' 

,1.5 

1 

■2X 

.1 

■12 

,1 

•11 

.1 

•(M) 

> 

•94 

2 

■.S6 

2 

•SO 

- 

•,.1 

2 

7.5 

2 

74 

2 

94 

2 

95 

2 

90 

2 

85 

2 

96 

2 

96 

2 

91 

00 

2S1 
249 
2.11 
224 
20.1 

2.18 
214 
196 
175 
16! 

25,1 
228 
20.1 
182 
148 

120 

105 
86 
72 
61 


82 
105 
108 

95 
X4 
110 
110 

98 
120 


AUKUSt. 


2  86 
2  91 


2  80 
2  75 
2  •  70 
2  69 
2  05 

2  65 

2  80 
2  86 
282 
2    79 

2  76 
274 
2  70 
2  66 
2   04 

2  86 
2 'SI 
2  74 
2  68 
2    79 

271 
2   62 

2  80 
2  SO 
2-76 
2    .  I 


50 
42 
J8 

86 
74 
59 
46 


Scpti'mlwr. 


2  .'..) 
2  •  65 


1>>1 

2  96 
2   91 

2  86 
2  85 
2  94 

2-95 
2  91 
2  89 
2  98 
-   95 


2 

.8,; 

2 

96 

.1 

(10 

2 

.98 

2 

94 

> 

96 

.1 

01 

,1 

19 

i 

25 

9.1 
115 

108 


115 

105 
98 


.126 
.1  ■  29 


1:; 

.1    .11 

100 

.124 

no 

.1    20 

.18 

,116 

K6 

.119 

84 

1   21 

105 

i-lS   j 

.1-28 
.1.15 
.142 
.1  50 
.1  62 

.1  61 
.1    5y 


9.1 

1.81 

no 

.1    79 

120 

.1 .  75 

115 

.172 

105 

.1  . 6.( 

110 

,1  ■  69 

122 

.176 

14S 

.1-75 

192 

>    69 

.1    61 

179 
1.'2 


,129 
121 
,105 
,147 
410 

425 
415 
,1'15 
.180 
.1(>6 

.166 
4(K) 
.195 


.1-52 
148 
.1 .  .19 
.1.12 
.1  •  29 


,1  16 
112 
104 
2   92 

2  89 
281 


242  ■ 

217  j 

206  I 
I 

182  I 

16.1  j 

15|  I 

1.1.1  1 

nil) 

94  [ 


Note. — Discharge  for  1910  based  on  a  rating  curve  not  well  defined. 
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Table  94 


Department  of  the  Interior. 
.-Monthly  Discharge  of  Big  Fork  River  at  Big  Falls,  Minn. 

IDralnage  area,  I,.UU  sduare  miles.] 


Month. 


DISCHARGE   IS   SELONdFEKT. 


Maiimum.   Minimum  i      Mean. 


Per 

bqilarc 
mile. 


AuKUst    27-31. 
Seiilembtr    . . . 

Octolier    

November 


RlN-OH.. 


Depth  in 

inches  on 

Uraina«e 

Area. 


l.lin 

Kli 
2.140 
1,141)  I 


')4« 
.i4» 
445 


l.ntn 

'17 

1  ,>»4(>  I 

AMI 


tyio. 


April 

May 

June 

July 

August 

Repteml)er 

Oi  tolKT ■  • 

November  1-U 


4,<W 
2,420 
1,080  ' 
281 
lox  j 
142 
42.S 
29.1 


2,170 

1  ,IHK) 

JOl 

.sg 
.14 
40 
Ih.l 

74 


.1.080 

1.6.10 
714 
1.10 
6S.ll 
10.1 
2"J.1 
177 


0780 

0788 
0   ,100 


2  .1.1 
1  25 
0541 
0114 
0.04<» 
0  080 
022.1 
0  134 


0  15 
O  45 
0  <>1 
0  56 


B. 
B. 
B. 
C. 


2   60 

I  44 

II  Ml 
Oil 
0  116 
0.(W 
026 
006 


D. 

C. 

c. 
c. 
c. 
c. 

B. 
C. 


UTTLE    FORK    RIVER   AT    UTTl.E    FORK.    MINN- 

9,  township  68  N.,  range  z.-i  \v.,     /2 

Records  Available.^-Une  23,  1909.  to  December  31,  1914. 
Drai«agc /Irra.— 1,720  square  miles. 

Cause. — -Vertical  staff.  , 

al./.-Practicanv  permanent,  e.cept  for  temporary  backwater  from  log 
jams  at  the  railroad  bridge  below  the  station. 

Discharge  Measurer,ients.-Miido  from  the  bridge. 

flow  should  be  reliable. 

7?./..ence.-United  States  Geological  Survey  Water  Supn.y  Papers  Nos. 

305,  .^25  and  355. 
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Table  95.  -Discharge  Measiirementa  of  Little  Fork  River  at  Little  Fork,  Minnesota. 


IDriiinage  area,  1,72U  8r]u.irf  mitc4.| 


Date. 

Ih'iriiMrnjihcr, 

Width. 

Feet, 
122 
122 
l.M 
1,12 

l.u, 

54 

.■\re,t  iif 

Seitluti, 

Sij,  ft, 
201 
1H4 
45,' 
445 

214 

X26 

Me,in 

\'.l..,  ity. 

Ft,  Jter  sei-. 

C.auije 
II.MKl.t. 

Feet 
5   52 

5  41 
7    66 

7    5(1 

5, id 
4C2 

10  SO 
1 5  46 
15  (Kl 

11  116 
5-211 

6  (XI 

5  '52 

5  •  76 
S..)4 

12  14 

12   21 
6 -SI 

6  SI 

5  ■  2S 
5-S2 

5    is 

5  SO 
11    12 

6-SS 

6  S2 

6-2K 
6-12 
11-25 
5-79 
6  ()2 

6-16 

ni^t'lurge. 

July      4 

(i.  A.  Cray 

Sec.  ft. 

••       24 

Auk,  2(i 

Kobert  KoUansbee. .,...., 

(i.  A.  liray 

I'M) 
910 

S24 

Selil.  .m 

Idll). 

JMIC   21 

July    11 

('.  R.  Ailami.   , 

Koliert  Ki>ll,in»bee    

1411. 
April    4 

C,  K.  Ailams 

1    4(MI  1 

"      IS 

"       \1 

1  ssoi 

,  une     V 

S,  B,  Souli 

.  uly    15 

Jec     12 

" 

1912, 
Jan.    21 

S.  B.  Soule 

64  • 

Feb     26 

7.1  • 

Mar.  ,«( 

•i 

67* 

May   20 

" 

'    290' 

••      20 

" 

2   210' 

June   14 

" 

"       14 

'* 

Auk,     ' 

W,  ("..  Iloyt 



104 

«6S 

1,42(1 

,197 

194 

I_fS 
112 
l.OSO 
204 
141 

107 

0  76 
(1  61 
2  51 

1  51 
1   20 

ost 

0.7,t 
1-2' 
1,(5 
0-S4 

0  79 

1  11  * 

Dec.   1') 

S.  B,  Siiulc 

lljl 

19H. 
Jan.    IS 

S.  B.  Soule 

96 
91 
|5| 
142 
112 

94 

76 
152 
129 

S5 

75 

7«"> 

Feb.   IS 

il'u 

May     1 

" 

1    S(,(|ll 

July    ,10 

B.  J.  Peterson 

S9S 

U.'c.  26 

1V14. 

Jan.    26 

S.  B.  Soul# 

S.   B.  Soule 

2J.1" 

K.-h.    25 

S  •I" 

May   1(1 

AiiB.    14 

Uw     IS 

1'»I5. 

Jin.    1') 

S.  B.   S)iil(-    

S.   B.  S<iuli' 

1I8'« 
Si" 

'  Ice-cover. 

'  Backwater  from  Iok  jamb. 

^  rintcr  cnmpU'tt'  ice  cover  about  MHi  fc.-t  above  Kuuge.     Avcnyc  thickness  of  ice  0-71  foot.     \V.it>r  about 
0    15  foot  abovt  L'v. 

•  Ice  cover,  tliickness  I  ■  10  foot;  water  to  top  ice,    O-iSfmjt. 
6  "  "1    UO    "  ■'  007     '• 

'  Log  jamb  on  railway  briiUe  about  2  miles  below  KauK''. 

•  Backwater  from  loc  boom. 

•  Ice  cover,  0-68  foot  tliick. 
^  Complete  ice  cover. 

"  Some  Ions  running,  but  not  lodged  anywhere. 
*'  Logs  runninjj. 


^hJ^^ 
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Table  96. 


-Daily  Discharf-e  Records  of  Liiilc  l-ork  river  at  Little  l-ork.  Minnesota 
("oiiliniicd. 


I«I0. 


Day. 


January, 


Frhrilary. 


lli'iuht 


Ffct. 


II 
l.> 
I J 
U 
IS 

lA 
17 
18 
IV 
20 

21 
2i 
2.1 
24 
25 

26 
27 
28 
20 
JO 
.11 


I  harifr. 


*»au«r 
llrliiht 


Fcrt. 


L)i9- 

rhar«e. 


Sec. -ft. 


Mar.li. 


I  t.iUKt> 
llclulit 

ten. 


<  harKc 


April. 


llfiuht 


Kift. 


Ltld(l{f. 


May. 

'•■inH''  I      IJi«- 
lli'JKhi     ih.iru<-. 


Nh  (I. 
I  .  I<KI 
1.2<«> 
t.I'MI 
I  .OMO 

I  .mill 


111  5» 

III  M 

<l  6K 

'»  .4< 

<)  10 

■>   Ml 
III   XO 

14  «5 
H-M) 
li    iS 

15  im 

14    12 

U  MS 
II  '»2 
1 1    >() 

10  75 
10  .'5 


1 .  J(H) 
1  .'1411 
I  7  50 
I  .'ilHI 
1  ,  I'iO 

1  .  7iO 
-■.110 
4  ,  5H0 
.S.IMHl 
4.7711 

4.filO 
4.  JIIO 
.1.4  10  I 
2. "711  I 
2. .510 

2.2WI  < 
2.040  ! 
1  .X(iO  i 
I  .<i'«l  I 
I.4M0  1 


»  42 
M  Ift 
7  M 

7  70 
7  4'» 

7    15 

7  25 
7  01 

ti  7'l 

A  Mil    I 

A  fill 

A  5H 

A  511 

A  40 
A  15 
A  40 
A  I'l 
A  IK 

A  A>  I 
A  7H 
7  (Ml  I 
7  10 
7  15 


HIA 
7AM 
712 
A^ll 

57M 
5MI 
54A 
51.' 

4.17 

457 
442 
45  7 
451 
451 

524 
575 
A47 
AMO 
MH 

A47 
A47  ' 
A4  7 

AX11 
AA7 

5XK 


Ju.lr. 


(iailKf 
lli-llilil 

Kw! . 
A  75 
A  5lt 
A  40 
A  40 
A  45 

A  111 
A  45 

A  Ml 
A  55 

A  15 


A  24 

A  115 

A  IHl 

5   ns 

5    75 

5   A2 

5   5M 

5   54 

5   4A 

[       5     IK 

5   in 

5   21 

5    lA 

5    10 

5   04 

5  (10 

411, 

4  MA 

5  AO 

5   70 

charup. 

.S.v..fl. 
SM 
512 
457 
457 
472 

457 
472 
510 
.502 
442 

411 

15(1 
.144 
1«) 
278 

247 
2.17 
228 
2IU 
lUJ 

172 
158 
148 
1.17 
126 

110 
112 
112 
242 
2r>6 


1,1 
14 
IS 

lA 
17 
18 
10 
20 

21 
22 
2i 
24 
25 

26 

27 
28 
20 
30 
31 


July. 


Aui{U4t. 


5-12 

5 -.15 
5  15 

4  M2 

5  02 

4 -MS 
4. 80 
4-78 
4-72 
4-75 

4-  .'6 

5  (81 


■ou 

■88 

•02 

■0' 

15 

M, 

Mil 

MO 

88 

111 

15 

(1? 

02 

08 

08 

85 

10 

A 

05 

5 

85    1 

201 
I8n 
I4A 
105 
123 

no 

8A 


112 
IIM 

no 


123 
I4A 
ISA 
102 
102 

go 
1.17 
I4A 
123 
123 

133 
133 
304 
371 
3S8 
304 


5-72 
5-48 
5  32 
5. 28 
5-28 

5-20 
5  (15 
S  110 
5  (81 
4  MS 

4  85 

4  MS 

4  MS 

4  MO 

4  1.8 

4  MS 
4  M2 

4  MS 
4  MS 
4  08 


06 


MS 


4  05 
4  MS 
4.8A 
4-85 
4  83 
4  83 


271 
215 
180 
172 
172 

ISA 
128 
IIM 
IIM 
110 

04 

no 
lie 

102 
116 

no 

105 

no 

116 
IIA 


S'litt'inber. 

8.1  I  I. 

84  >l 

SA  I  'I 

75  j  ; 

40  I  4 

70  i  7 

75  I  7 

84  I  M 

80  I  8 
85 


4-85 
4  8A 
4  MO 
4-88 
4  80 

4-7' 
4-70 
4  SO 
4  78 
4-76 


Oitobcr 

5. (Ml   , 

5  ■  30 

5-40 

5-45 

5-40   1 

5-40 

sto  1 

5  .10 

5-25   ; 

5 -IS    ! 

5    10  1 

5    10 

5    IS 

SIS 

.5    10 

S  03 

H  .11^1 

N'ovfniJHT. 


112 

4    MO 

no 

4   MA 

107 

4SM 

no 

4-80 

no 

4  SO 

no 

4-80 

no 

4  SO 

MA 

4 -HO 

04 

4    86 

Ml 

5  00 

Ml 

102 
112 
KM) 


86 

86 


MA 
IIM 


5  (Ml 
5(K) 

S  ■  .18 
5  20 

5  22 
5  •  20 
5IM 
5  ■  20 
s.  (0 

5  .10 
.5  .10 
5  .10 
S-.IO 
S  .10 
5  •'! 


IIM 
I7A 

IM7 
208 

,M7j 

rM7  ! 

l.-fi  ; 
1  7(1 
KiA 
152 

137 
137 
ISJ 
I4A 

I  (7 

128 
IIM 
llM 
IM3 
156 

160 
156 
1 54 
1.56 
176 

176 
176 
176 
176 
176 
176 


5   .10 

I7A 

5   21 

158 

5    18 

172 

5    111 

176 

5   40 

IM7 

December. 


Note.— Discharges  computed  frcni  a  ratins  curve  well  ticfined  below  1 ,000  second-feet. 
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4H2 
Table  iJf>. 


Iffparlmtnt  of  lh<-  InU-rior. 
l„„ly  Pisckar,c  Knords  of  Unl.  Fork  nver  a,  Utile  Fork,  M.,.„es..,a- 


lull 


(ton.  about  11"  to  l'^<>^" '''■''-'•'■ 


nt. 


U'iniiil>ix  River  Pourt  ami  Sloni'^e  ln;r\lii^alu>ns. 


48.1 


■/„/-/,•  06.     Ihily  Dtuluif^,-  Kcords  Liiilr  Fork  rivvr  at  l.itlle  Fork.   Mtnncsola 

('oiitiniii'il. 


iiii. 


U.,y 


X 
V 

Id 

11 
I.' 

I! 
14 
H 

lA 

17 
IN 
I"* 
^11 

21 
li 
ii 
1* 
25 

27 
i* 
i't 
M) 
.11 


J.4nuar>'. 


( t.tiiitf 

llrluhl 


h'nt. 


Fi'bruary. 


lli-iuhe 


Ui>- 
ch,truf. 


March. 


A|>ill. 


M,i>. 


<;uU)|r  I       Dl-  <.,IUKI' 

llfluht   i  (h.tliji*.     Ih-iuht 


«  ll.tlKi- 


III    S(l 
III  IKI 


<l     III 


*l..<ll 
H  411 
K    III 

;  411 
;  jii 

7  ■  711 


.',1  10 

I  .*titit 
1  .•.  'II 


(•.lllgf 
lli'iuht 


111  40 
III  Ml 

I  1 1  '■" 

II  70 
I.'  40 
I J  70 
li  «> 
t.'    Ml 

1^  M) 
1^'  Ml 
I  .1    Wl 

I.'  no 


I 


>'jii 


X  <Jll  I  I  .410 
•Mill  '  1  .4MI 
K    KO  l.tMl 

I  ,  l-'ll 


I  ..MO    ' 

I  ,  1''0    I 

t  .11711   I 

■'"■   \ 

"I'l   I 


irtlil 
I.S4II 
I  .^1,1 1 
I  .'/Oil 
I. '1*0 


M  IXI 

X  SO 

X  40 

X  III 

7  40 


l)H 

c  li.ir^t-. 


Jim 


li.illHf 
llilulll 


S'<     II 

.'.III  III 

.'  040 

J  ,I1.H|I 
2,|M|| 
2,  AM  I 

2  710 
I   IMrO 

4,2111 

.1.1  III 

I.IM) 

.1.110 

4.  IMI 
.1.4111 

1 ,  2MI 
!.'M0 

IMI 
2.1IIII  i 
2.M.H 

2.  4MI  i 
2. IMI  j 

2.  HO  I 
I  .XMI  I 
1.7211  I 
I  .'ilHl  i 
I  .  I'll   I 

1,410 
I  ,  2  <0 
l,|iJll 
I  ,0711 
71)1 
ISO 


I-.-.1. 


7   411 


ti  711 
h  XII 
h    70 


fi    "XI 
<•    MO 


;! 


ii  .^11 

(t  lo 

(i  .Ml 

(>  IHI 

i;  XII 


III. 
I  luUtli' 


Sti     ft 
<llll 

'>/o 

I.  II  to 
7'il 

7'i.l 

7i>l 
X41 
75(1 
7"H 
7|i) 
I 
I'H 
4XJ 
545 
5  7X 
545 

51  1 
4X2 
4X2 
511 
545 

1.12 

5;x 
5n 

4X2 
221 

.l')5 
111 
2Si> 
2(i4 
2A4 


•  ills; 


80:i7(i— ;n.'. 


iT-r- 


i84 


Table   »f> 


Drparlmt-m  of  Ihi-  t»l>-nor. 

na,h   ni.uhar,e   Records   of   iMlle    fork   nver  at    Utile   fork. 
Miniiesolit     Contimu-d. 


It.ly, 


l><y. 


lli'iiht 


Km. 


iliaiiir. 


ft  ill 

1<<S 

J  ((I 

;<ft 

lilt 

-,\>> 

AM) 

S\  1 

ft    M) 

4.M 

ft  («> 

III 

A  IK) 

III 

ft    III 

IftK 

6  IK) 

111 

10 

(1   (HI 

141 

II 
w 
I.I 

14 
IS 

Ift 
17 
It 
l» 
20 

21 

21 
2.1 
24 
» 

a« 

17 
2S 

n 

JO 

ii 


5  W) 
.4  Ml 


>Ki* 
!»V 
HtV 
»,» 
.141 

ift4 
J  40 
240 
210 
19.1 

204 
|«l 
l'»l 
IDl 
1»J 

1 1)1 
204 
I  HI 
Hi 
19.1 
19.1 


no 

1 
S  i«l 

1.10 

fi  in; 

no 

(.    10 

110 

1,  Wl 

1.10 

(1   90 

i.ifl 

7   211 

l.io 

7 .  Ill   ■ 

ISO 

7  ■  70 

2lft 

7   90 

2ftO 

7   110 

264 

719 

-su 

909 
9119 
647 


ft    10   j 

.IftS 

ft    10 

Ml" 

S   <IS 

MH 

S    HO 

2K9 

ri    III 

MiH 

1,    10 

IftH 

6  ID) 

J4I 

.        .  .1 1..  11,  ,1  I,  «p11  ilifinr.1  for  unohrtriutt-d  'hannct 
N„tE  -Uglily  ili«  tuTKi-  ,  ninpulril  |t..n.  ;i  ';,■;; ''■''f^/^'",',  I",    '     .  2.  in.    24.  .,n.l  .l.uly  .l.iu«..  h-iBhl,  a,  I'"'"'  - 

li^Biiiiiili:iiSii 

about  250  10  11)0  si-..m.l  k-i^i. 


9^ 


Wmnipe.:  Hurr  I'owir  and  Sioravr  I  me  sti  nations. 
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lahU    10.     D.uty   Diuharsf   Rtionls   itj    l.ittlr    I'ork    ritrr   at   l.iItU   fork. 

Minnfiiila     Com  liidril. 


Day. 

1 
1 
i 
4 
S 

A 
7 
1 
« 
10 

II 
12 
iJ 

u 

IS 
16 

i; 

18 

t« 

iO 

21 
22 
2i 
24 
2S 

2t, 
i7 
2X 
W 
M 
Jl 

Jan 

llrtlht 
fvrt. 

.   . . 

■"f. 

KfbfUtAfy 

\l 

IM.. 

<;auir ,      Ui,. 

(t'lUUi* 

(harH^. 

Hrulrl      1  tidmr 

llilltht 

s.-    tl. 

l-Vr, 

!wi  -II. 

Krrt. 

■m 

Ml 

•m 

Ml 

•H» 

•  .11 

Wl 

Ml 

■Ml 

Wl 

*MI 

Ml 

W) 

Ml 

Wt 

Ml 

Wl 

Ml 

Wl 

Ml 

■N) 

Ml 

<m 

Ml 

«u 

Ml 

Wl 

Ml 

7S 

Ml 

7S 

Ml 

;s 

Ml 

75 

55 

7« 

5.5 

75 

35 

7S 

55 

75 

55 

75 

55 

75 

55 

75 

55 

75 

55 

7« 

55 

75 

55 

75 

75 

75 

lll.- 

<  luttKr 


l*>llll!«-   t        tlH 

lli'iittd      <h.iik>tv 
Km. 

|i»i 

I  IIKI 

imi 

HKI 
KKI 

mil 
I  imi 
'  tim 
I        I  mi 

IMI 

*   •>    I       I  .^INI 

MH  I     I   Mm 

U    fi  I     «IMI 

lA     I  I     ^IKI 

il  2  <     1   Mm 


JlMl*-, 


iiailKf  1       till 

jllrlillil    I   Ul.tl|i<>. 

fl 


I  <«ll 
I    (Ifi4l 

I  mil 
I  .'.'IP 
I  lid 

1  41M1 

I.  mil 

.'.'IMI 
i.RMI 

2  *MI 


III  A  j  I    IMI 

111  I  '  /.IIWI 

III  ,'  :  ;  mm 

III  II  .  I  .inm 

III  .'  I  .'.i>m 


1..1 

II  • 

1;  4 

\l    1 

il  ;  I 

:;!i 

H  II   I 

1/  i"i ! 

II  4 1 


IK  .' 

lA  !• 

IS  M 

15  4 

M  « 

U  11 
11; 
II  •< 
14  II 
14    I 


I,  Mm 

5.  IMI 
4.'l-'ii 
4,7(111 
4.4mi 

.1.11  111 

I, 7'4» 
I.KHil 
l.'Mll 
4    IIKI 


;.iKii 
I  Mm 


III   A 
III 

lA    I    I       1,   '-11 
lA    I    ;      5.IIHII 

IS  ;      4.MM1 


I  I    A 

I  IK 
IIS 
14    I 

I I  ; 


US 

IS    A 

4. Kill 

.  , 

».s 

lA    4 

S,  'Ml 

US 

lA    1 

S    MHO 

US 

IS    i 

4.S'JII 

US 

14   .' 

4  I1411 

IIS 

I.  Jill 

.1    N.'O 

4. Jiai 
4  I  so 
I  ;mi 

i.  11(1 

J.AIII 
i  .  .'All 
.'.4111 
.' .  7A(I 

.I.J.'II 


I  •.IIIH<> 

ll'llllll 

Kr>t. 

H  .> 

11  I 
I.'  '1 
I'  I 

II    H 

I.'    I 

14  ; 

15  A 
IS  S 
14    ( 

II  ! 
I.<    H 

II  n 
II  II 

I)    M 


Hi. 

I  ti.ilgr. 

rw  .-fi 

4.4UO 
I   S4<l 

I,  (.'(I 

I.(1M1 

.'.:ao 

I  I  (All 
4,(14(1 
4.NIU 
4 .  7MI 
4 ,  UNI 


1 .  41KI 
l..'7U 
.'.7»0 
J.  lAU 
I  .».'(l 

l,A40 
I  .  7  7(1 
I.A4U 
t.04U 
I    4A(I 

I.4MI 
1. 4111 
I  .  .'Mil 
I. 111! 
SI4SI 

1140 

1(711 

1.(1711 

I.  IIKI 

I  .  JWI 


S 
•> 
Id 

II 

1.' 
U 
14 
15 

16 

17 
IM 
1" 

ill 

21 
22 
2.1 
24 
25 

26 
27 

2X 
21) 
.1(1 

.^1 


July. 


AUKUnt. 


H   K 
MO 

M   4 
Ml 

M .» 


«  4 

«  .s 
SI  4 

0  4 
U  ft 
g  g 
II). (I 
'>  <} 

«  4 
«..l 
>»  1 

g.ii 
8  7 

8.2 
76 
7.2 
7  II 
6  K 


I .  IMI 
I  .  .'«(l 
l.l'Kl  I 
l.li;il   I 
I.. IMI 

I  .  54(1 

1  Aid 
I  .  5411 

1  .  .'M(l 

«»g 

M." 
l.lli.' 

I.A4II  ; 
I. Add  I 
I.A4(I    I 

1. 6411 
1.720   1 
l.MMI 
l.'KKI 
l.72d 

t.A4n 
1  S-iil 
l.Stll 
I  .  4MI 
1,.I2U 


A-S 
A.  I 

S-7S 
S    I, 
5-7 

5-7 

.S.7S 

S-M 


.S..Utrnil>iT.         I  (ktillK' 


no 

M7II 
7|u 
647 

57M 


5  .MS 
5. MS 
5-75 


5. 1) 
.S.il 
5  u 
5  g 


4H2 
.lAM 
JTA 
240 
2A1    I 

2A4    I 

2;a 
2Mg  j 
.102 

ll.S    , 

.(IS  ! 

.ll.S    I 
.(IS    ' 

.lis 

.102 
,1(12 
27A  1 
2A4 
252   I 

2>"l   1 
.(gs 
.141    1 
J2H 
JIS 

.I2M 
■IIS 
.115 
,11  s 
.11' 


5M    ' 

5  ..4    : 

s.g  i 

A   II 

6  0   I 

A    I    i 


7.2    j 


A  g 

A    S 


A  4 
A  4 
6  4 
6..1 
tii 

6  1 

A  1 

6  1 

6  1 

6  .1 


2Mg 

IIS 
,141 
.141 

(AM 

-igs 
42.1 
42  1 


.S7K 

;||| 

A47 
AI2 

57M 

AIJ 

s;» 

SiM 
SI. I 
4S2 


(•( 
4S2 
4M2 
•KN 


M    1 

I.07II 

M    A 

1  .  2.H(I 

'1    .1 

I.S4II 

'1    S 

l.M2d 

Id    I 

-'  .IIHII 

III   A 

J.I.SII 

111    M 

2 .  2A(I 

10   A 

2,  IMII 

111    S 

2.1(11 

Id    1 

1  .'ISd 

g  s 

1  .A.SIl 

M    >) 

1     lie 

MA 

1  .2"0 

s-,1 

I  .IMI 

M    (1 

1,(1.10 

«    (1 

l.dii: 

NovemlKT. 


Uncmlwr, 


A  4 
Al 

5.7 

5.7 


45,' 

7-7 

4S2 

7   2 

452 

72 

7-.1  j 

4J-I 

7  0 

42  I 

7-,S 

42  ( 

M-ll 

421 

Ml 

421 

X-2 

421 

7.M 

"KW 

71') 

71') 

7SA 

8  70 

g4g 

1,0111 

1,1S(I 

l.Ud 

.•1', 

452 

lAM 
2A) 
2A4 


UMI 
JIKI 

*d(l 
.Kill 

II  m 
(INI 
.111(1 
(IMI 
.IIHI 

.UNI 
IIKI 

Km 
MM 
MO 

tMi 
11.10 
9.UI 

9.K1 
gio 

».)0 

gid 
VM 
g.iii 
VJO 


I,  AMI! 
I  .AMU 
I  .  AMU 

1  ,AM(I 

gsd 

V5U 

gsd 
ISO 
'ISO 

g,so 

gSd 
'ISO 
'ISO 
ISO 
"SO 

2M(I 
2M0 
2MU 
2  MO 
2X0 

2M0 
2M0 
2M0 
2N0 
2K0 

2M0 
2MU 
2M0 
2M0 
2M0 


NoTK,— Daily  di'v  lijrae  computfl  Irum  ,1  wi^llHlt-tiniiJ  rii..ng  furse.  llisLharKi'  i'>iiiii;itf<!,  iM^ausp  of  irp,  from 
gailite  hfiRhf,  observt  r's  notfTi.  three  ilisi  li.iriie  nuMsureraenlH.  and  clim.itii.  mords,  an  follnwH. — J;in.  1  14,  W 
B<Tond-feet;  Jan,  1511,  75  secund-fert,  ItIi.  1-17.  Ail  sei-ond- feet;  Feb.  IM-2.M,  SS  siTon.|-fi.ft,  .Mar.  1-11.  H5  sccon(i- 
fcct,  Apr.  I-V,  KKI  seioiid-feet;  and  Apr.  Id-IA  ISini  setond-leet.  Uiaeliarue  also  .■-.limatrd  friini  November  7  to 
DccemtM'r  II. 
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Department  of  the  Interior. 
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Table  96.-Daily  Discharge  Records  of  Little   Fork  River  at   Little  Fork, 

Minnesota— Concluded . 

1914. 


Note. — Discharge 


T;^^;i77anuary  .  to  April  24.  and  from  December  1  to  December  31.  estimated. 


Winnipeg  River  Power  and  Storage  Investigations.  487 

rable  97. — Monthly  Discharge  of  Little  Fork  River  at  Little  Fork,  .Minnesota. 


(Drainage  area,  1,720  !i(|uare  mileH.] 


Month, 


Juno  2.!-.iO 

July 

August 

St-ptenilKT 

(Mulwr 

November  1-13. 


Ai)ril  11 -JO 

May 

June 

July 

AuKust 

September.  . 

rKtober 

November. . . 


April 

May 

June 

July 

Allsust .  .  .  . 
September. 
()(tol)er, . . . 
Novemher. 
Deceml)er. . 


DISC1I.VK4.K    IN    SKtONP-KliKr. 


.17" 

4 ,  .(K(P 
l.(l.<0 
2.700 
l.JW 


,.fi«l 
,S6.S 
.i71 
271 
119 
208 


.f.7.W 
1 .  .^>«) 
2.010 
.Sl.f 
7').f 
VI 7 
4S2 
28« 


January. . . . 
February . . . 

March 

April 

May 

June 

July 

AuKUSt .... 
September . 
October..  . 
November. , 
December. . 


The  Year. 


January. . . . 
February . . . 

March 

April 

May 

June 

July 

August    .  .  . 
September. 

October 

November. 
Deceml)er. . 


The  Year. 


January. . . . 
February. . . 

March 

April 

May 

June 

July 

August.  .  . . 
Sejiiember. 
October. . . . 
November. 
December. . 


1914. 


The  Year. 


.(,.110 

i.o.ii- 

756 

264 

l.,(6ll 

l.OJO 


250 
810 
<«IO 
482 
719 
260 


1,680 


261 
H7 


144 

598 


1  ,  190 
442 
112 
75 
91 
40 
119 


900 
719 
.190 
142 
274 
2X9 
264 


79,t 
264 

19J 

9  7 

2  76 

289 


1  .'<00 
870 
545 
240 
289 
42J 


6,520 

1.680 

4 ,  260 

.141 

5.2,50 

.195 

647 

216 

1,110 

452 

647 

.115 

Mt-ar 


.11(1  ! 

212   ! 
1  .>W 

Mo 
1  .osu 

680 


.720 
701 
.1119 
149 


88 
16.1    I 
1(« 


2,  I  (HI 
1  ,  080 
l.OfO 
212 
492 
529 
.156 


75 
70 

i.nii 

2.270 
588 
.104 
14(1 


7  15 
5,19 
.118 
ISO 


82 
58   I 
85  I 
.470 
.  180   i 
.150  I 
.120  j 
.109 
464  ! 
.240 
526 
698 


,005 


112 

89 

9> 

1,4.^0 

,1,540 

1,560 

1,920 

406 

;i5 

,509 

47S 

2  JO 

927 


IVr 

S<iii,iri' 
mile. 


0  180 
0    12J 

0S«)5 
O  .1(K) 
(I  628 
O   J95 


I  58 
0.4(W 
O-ISO 
0  (187 
0  (174 
O  051 
0  (W5 
0  ()<<J 


I  22 
0-628 
(I-977 
012J 
0  286  i 
0-  IIIH 
0  207 

II  122 
0084 


0  049 
0  044 
(I  1141 

0  657 

1  M 
0  U2 
(I  177 
0  (ISl 
0-427 
O  IIJ 
0-185 
0-087 


Ri 

■N-OFF. 

D 

■nth  in 

ini 

lic^  on 

1) 

ainaK4* 

\rea. 

0  05 

0   14 

1    (H 

OJJ 

0   72 

0   19 

i-i; 

(1-47 

0-20 

0-10 

0  (18 

0  (hi 

0    11 

0-  to 

1    .16    i 

o   72 

1  -0<) 

0-14 

0   ,1J    I 

0  .14 

0  24 

0   14 

0-10 

0  («,  ; 

0  (15 

0-05 

0  74 

1-52 

0-18    1 

0-20   i 

O.IHl 

O-JU 


0  048 
0-0.14 

0  049 
1-440 

1  850 
1-170 
n-767 
0-180 
0-270 
0-721 
0  .106 
0  •  406 


0-620 


0  077 

0  052 
0-056 
0-84J 
2  (lAO 
0-907 

1  120 
0-2J6 
0-416 
0  296 
il  ^7S 
0   1.14 

0  540 


0-48  I 
0,16 
O   21 
0   10   ' 

4-2J 


■Accuracy 


0  (W) 
o  04 

0  (16 

1  61 
2-U 
151 
0-88 
0  21 
0  -  .10 
0  8.1 
0  44 
0-17 


8-46 


0  (H) 
0-05 
0  (Ki 

0  94 
2 -.18 

1  (II 
1  29 
0  27 
0-46 
0  441 
11.  i;ii 
0   154 

7-J5 


r. 

V. 
D. 
C. 
B. 
B. 
A. 
A, 
A. 
B. 
C, 
C. 


.  i'- 


4gg  Department  of  the  Interior. 

VERMILION    RIVER   BELOW   LAKE  VERMILION,   NEAR  TOWER.   MINNESOTA. 

Location.-]u^t  below  the  dam  at  outlet  of  lake  Vermilion  in  section  2 
township  63  N,  range  17  W.  in  St.  Louis  county.  4  miles  above  the  mouth  of 
Two  Mile  creek,  which  enters  from  the  west. 

Records  Available.-May  17.  1911,  to  December  31,  1914. 

Drainage  Area.— 501  square  miles. 

GoMge.— Vertical  staff;  datum  unchanged. 

Channel  — Practically  pennanent. 

Discharge  Measurements. -M.Ao  from  car  and  cable  just  below  the  gauge 

''''7rtificial  Control.-At  the  outlet  of  Vermilion  lake,  a  few  hundred  feet  above 
the  gauge,  there  is  a  dam  which  is  used  to  raise  the  elevat.on  of  the  lake  or  a.d 
in  navigation.  There  are  no  gates  in  the  dam,  but  on  July  19,  19  2,  it  was 
repated  For  ,  period  after  th.s  d.te  the  flow  was  lower  than  normal  as  there 
rSs  leakage.  %he  lal  ^  ^  .Uy  greater  storage  -pa-y^^^  t  e  presen 

time,  so  that  the  flow  -  in,  .  winter  period  of  1912-13  wa.  somewhat 
larger  than  it  would  hav.         n  had  not  the  dam  been  repaired. 

Winter  Flow.-O^ms  to  the  heavy  fall  at  the  gauge  ^--^^•.^'""""'^llntrr 
20  feet  in  200  yards,  there  is  little  or  no  backwater  from  ice  during  the  vvinter 

"'""'i'Lracy.-Conditions  are  favourable  for  fairly  accurate  results,  the  only 
uncertainty  being  some  inaccuracy  in  the  discharge  measurements,  owing  to 
the  very  rocky  section. 

References.— Vmted  States  Geological  Survey,  Water  Supply  Paper.  Nos. 

305,  325  and  355. 

Table  98. -Discharge  Measurements  of  Vermilion  River  below  Lake  Vermilion,  near 

Tower,  Minnesota. 


iDrainage  area.  507  stjuarc  miles] 


i  ?Cu*?n"nrSm.«at' about  4.000  f^.  below  gauge.     Control  clear. 
•  MSrement  from  boat  about  6,000  feet  below  gauge. 


Whinipefi  River  Power  and  Storage  Iiwesti^alions. 
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Table  99.— Daily  Discharge  Records  of  Vermilion  River belo'^- Lu^^   Vermilion, 

near  Tower,  Minnesota. 


[Drainagt*  urea,  .S(>7  s<iuarc  miles. I 

mil. 


Day. 

January. 

February. 

March. 

April. 

M 

ay. 

June. 

Gauite 
Height . 

Dis- 
charge. 

Gauge 
Height 

Dis- 
charge. 

Gauge 
Height 

Dis. 
charge. 

Gauge 
Heiglit 

Dis- 
charge. 

(iauge 
Height 

Dis- 
cliargc. 

Sec.-ft. 

(«auge 
Height, 

Dis- 
charge. 

Feet. 

.^ec-ft. 

Feet. 

■Vc.-f'. 

Feet. 

.Vc.-ft. 

Feet. 

Sec. -ft. 

Feet. 

Feet. 

1-90 
1-90 
1  -95 
1    90 
1  -90 

1-90 
1  -90 
1-95 

1  95 

2  05 

2  Oi 
2  01 
2  00 
2(H) 
2  00 

1  -95 
1-92 
1   91 

1  90 

2  15 

2   10 
2  ■  05 
2  05 
2  00 
200 

1-95 
195 
1  -90 
1  -90 
1-90 

S-c.-ft. 
490 

490 

3 

515 

4 

490 

5 

4')<) 

49(1 

490 

515 

515 

10 

568 

556 

546 

\i 

540 

u 

540 

15 

540 

16 

515 

17 

1  9S 
200 

2  10 
200 

t   O.-i 
2  (H) 
2  05 
2  00 
1-95 

1   00 
1   90 
1  ■<«) 
1  ■■«) 
1    90 
1    95 

515 
540 
595 
540 

515 
510 
56K 
540 
515 

490 
4'I0 
490 
490 
490 
515 

500 

18 

495 

490 

622 

21 

,595 

22 

568 

21 

568 

24 

540 

25 

540 

26 

515 

27 

515 

28 

4<XI 

29 

490 

30 

490 

31 

1 

1 

July, 

,\uguat. 

Septc 

inber. 

Octob.r. 

Noveniber, 

Dece 

mber. 

1 

1-90 

490 

1-35 

272 

0-90 

167 

0-85 

15X 

0-71 

132 

070 

130 

2 

1-85 

466 

1-35 

272 

O.iX) 

167 

0-85 

158 

0.68 

127 

070 

130 

,1 

1  '80 

442 

1-33 

266 

0.90 

167 

0-84 

156 

0-66 

124 

0-70 

1.10 

4 

1-75 

420 

1-33 

266 

0-90 

167 

0X4 

156 

(I  64 

120 

0  70 

1.10 

5 

1-73 

411 

1   32 

263 

0.90 

167 

0-85 

158 

0  62 

117 

0-70 

1.10 

6 

1-72 

407 

1-32 

263 

1(10 

187 

0X5 

15S 

0  ()0 

114 

0-70 

130 

7 

1-71 

402 

1-33 

266 

l-.5(l 

321 

0-X> 

I5X 

0-60 

114 

0  70 

1,10 

8 

160 

358 

1-32 

263 

1-50 

321 

0X4 

1S6 

060 

114 

0-70 

1.10 

9 

1-60 

358 

1-32 

263 

1    SO 

321 

0  X4 

156 

0  60 

IM 

0-70 

130 

10 

1-50 

321 

1-31 

260 

1    30 

257 

0  S4 

156 

0-60 

114 

0  70 

130 

11 

1-45 

304 

1   31 

260 

1-20 

231 

0X4 

156 

0  60 

HI 

(1.70 

130 

12 

140 

287 

1-30 

25  7 

1     10 

208 

0X5 

15X 

0-60 

114 

0  70 

130 

13 

1-35 

272 

l-.iO 

257 

1    10 

208 

0-84 

156 

0-60 

114 

0-70 

130 

14 

1-33 

266 

1-25 

244 

110 

208 

0  84 

1S6 

0  60 

11  1 

0-70 

1.10 

15 

1-30 

257 

1-25 

244 

1    10 

208 

0-84 

156 

0  60 

114 

0  ■  70 

130 

16 

1-35 

272 

1-20 

231 

1    10 

208 

0  84 

156 

0  60 

114 

0-70 

130 

17 

1-35 

272 

1   20 

231 

IIHI 

187 

oxs 

158 

0-62 

117 

0-70 

130 

18 

I-.IO 

257 

1-20 

231 

1  -00 

187 

0S6 

159 

0-63 

119 

0  70 

130 

19 

1-30 

25  7 

1   25 

244 

0-98 

181 

0  •  86 

159 

0  •  65 

122 

0-70 

130 

20 

1-20 

231 

1-25 

244 

0  96 

179 

0  85 

158 

0-68 

127 

0-70 

130 

21 

110 

208 

1-25 

244 

0-94 

175 

0  84 

156 

0-70 

130 

0-70 

1,10 

22 

1  • .«) 

257 

1-22 

236 

0-90 

167 

0  St 

154 

0-70 

130 

0-70 

130 

23 

l-,)0 

257 

1-20 

231 

0-90 

167 

082 

152 

0-70 

130 

0-70 

130 

24 

1-30 

257 

1    10 

208 

0-90 

167 

0-80 

148 

0  ■  70 

130 

0-70 

130 

25 

1-30 

257 

110 

208 

0  90 

167 

0-78 

144 

0-70 

130 

0-70 

130 

26 

1-35 

272 

100 

187 

0  90 

167 

0-76 

141 

0-70 

130 

0-70 

1.10 

27 

1-35 

272 

1-(X) 

187 

0  90 

167 

0-74 

137 

0-70 

1,10 

0-70 

130 

7* 

1-15 

J7.! 

1  .ni) 

is: 

n  «.K 

163 

0  72 

134 

0  •  70 

!<() 

(».7(t 

1  to 

29 

1-32 

263 

1  00 

187 

0  86 

159 

0-71 

132 

0-70 

130 

((■7(l 

no 

30 

1-32 

263 

0  90 

167 

0  85 

158 

0-70 

130 

0-70 

130 

0-7  J 

130 

31 

1-32 

263 

0-90 

107 

0-70 

1.10 

0   /O 

130 

Note  (Year  1911). — Discharge  coniputo*!  from  a  well  dcrtnH  niting  curve. 
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Table  99.— Daily  Discharge  Records  of  Vermilion  River  below  Lake  Vermilion, 
near  Tower,  Minnesota — Continued. 


January. 

February.        | 

Mar.h. 

Al>ril. 

May. 

June. 

Day.  - 

1 

(iauye 
lei^ht . 

liiartte. 

(iaugi- 
Iriliht. 

Dis- 
cliarKL*.     1 

tiauRe 
leiiiht 

Dh-        GaUKf 
charge.    Ilviglit 

Dm-       Gauge 
charge.    Height 

Di-»-        Gauge 
charge.    Height. 

Dis- 
charge. 

Kect. 

Scc.-ft. 

Kfc-t. 

Set. -ft. 

FiTt. 

Scc.-ft. 

Feet. 

Scc.-ft. 

Feet. 

Scc.-ft. 

Feet. 

Sec.-ft, 

0-70 

1  10 

0-65 

122 

0  54 

106 

0-45 

93 

110 

208 

2  00 

540 

2 

0-7(l 
0'70 

no 
1  fo 

0  65 
0-65 

122 
122 

0  52 
0-52 

103 
103 

045 
0  45 

93 
93 

120 
1   .10 

231 

257 

2  (HI 

S40 

4 
5 

0-70 
0-70 

no 

l.iO 

0  •  65 
0-65 

122 
122 

0.52 
052 

103 
103 

0  45 
0  45 

93 
93 

1   40 
I -.50 

287 
321 

1  -95 

515 

ft 

0-70 

no 

0-65 

122 

122 

0-52 
0  52 

103 
103 

0  45 
0  45 

93 
9.1 

1    60 
1   70 

358 
398 

1-95 
1  -<«l 

515 
490 

122 

0  ■  .10 

100 

0-48 

97 

1-75 

420 

122 

0  •  50 

KHI 

0.50 

100 

1  -80 

442 

490 

10 

0-70 

liO 

0-65 

122 

0 .  50 

100 

0-50 

UK) 

1    90 

490 

]  1 

0-70 

1  10 

0-64 

120 

0  .50 

100 

0 .  50 

KMI 

190 

490 

1    95 

515 
515 
490 
4ft6 
466 

12 
It 
14 
15 

0-70 

1  10 

0  -  63 

110 

O'SO 

1(K) 

052 

103 

2-00 

540 

()  ■  70 
0  70 
0  70 

1,(0 
1.10 

l.to 

0  63 
0-62 
0  62 

11') 
117 
117 

0  •  50 
0-46 
0  44 

KHI 
1)4 
1)2 

054 
0  55 
0.55 

IIK) 
107 
107 

2-00 

2. 05 
2  05 

540 
5ft8 

568 

1-85 
1-85 

1ft 

0-70 

l.!0 

0-61 
061 

116 
116 

042 
0  42 

8') 
80 

0-55 
0   57 

107 

no 

20=. 
2  05 

568 

568 

1   80 
180 

442 
442 
442 
442 
420 

20 

(l-ftX 
0  ftX 
0  68 

127 
127 

0  60 
0  60 
0-60 

114 
114 
114 

0  42 
0  42 
042 

81) 

0  (>0 
0'63 
0-65 

114 
119 
122 

2  05 
2   10 
2    10 

595 
595 

1    80 

1-75 

2\ 

0  fix 

0  65 
O-ftS 
O-ftS 
0-65 

127 

0-60 

114 
114 

0  42 
0-42 

89 

89 

068 

0  70 

127 
130 

210 
2   10 

,595 
595 

1-75 
1-75 

420 
420 
420 

1  ' ' 

O'fiO 

114 

0-42 

89 

0.70 

1.10 

2  05 

568 

24 
25 

122 
122 

0   60 
0  60 

114 
114 

0  42 
0  42 

89 
89 

0  70 
0  75 

1.10 
1,19 

2  05 
2  05 

568 
568 

1-70 

398 

26 

2/ 
2« 
21 
,«) 
,il 

0-65 
0  65 
0-65 
OhS 
0  ■  65 
0-65 

122 
122 
122 
122 
122 
122 

0-60 
0-58 
0  .56 
0   54 

114 
HI 

108 
106 

0  43 
0  44 
045 
0  45 
0-45 
0-45 

90 
92 

9.1 
93 
93 
93 

0-80 
085 
085 
0  90 
0  95 

148 
158 
158 
167 
1" 

2. 05 

2  05 

'.(HI 

'H> 

568 
568 
540 
540 
540 
540 

165 
1  65 
1   ftO 

155 
1-55 

378 
378 
358 
340 
340 

--= 

J 

aly. 

August. 

.St-ptt 

mber. 

October. 

Novc 

mber. 

December. 

.UO 

122 

05  5 

107 

0-60 

114 

O-.SO 

98 

0,50 

98 

1-50 
1  -50 
1   45 

1   40 

122 

055 

107 

0-60 

114 

0.50 

98 

0  ,50 

122 

0-55 

107 

060 

114 

0  ■  50 

98 

4 
5 

.104 
287 

0  60 
0-60 

114 
114 

0  55 
0-60 

107 
114 

0  60 
0-60 

114 
114 

0 .  50 
0  50 

98 
98 

0  •  50 
0  .50 

98 

ft 
7 
8 
1 
lU 

1   40 
1-40 
1J5 

114 

O-ftO 

114 

0  W) 

114 

0-.50 

98 

0.50 

98 
98 
98 
98 
98 

114 

060 

114 

0 .  60 

114 

O-.SO 

98 

114 

0  W) 

114 

0  •  60 

114 

O-.SO 

98 

0-55 

107 

0  60 

114 

060 

114 

0  50 

98 

257 

0-55 

107 

0-60 

114 

0-60 

114 

0  50 

98 

11 
12 
ii 
14 
15 

1-25 
1   25 
1-25 
IJO 
1-25 

244 

244 
244 

>S7 

0-55 
0-55 
0-55 
0-5(1 

107 
107 
107 
100 

0  60 
0 .  60 
0-60 
0  60 

114 
114 
114 
114 

0-60 
0-60 
0-60 
060 

114 
114 
114 
114 

0.50 
0..50 
0..50 
0  50 

98 
98 

98 
98 

0-50 
0.50 
050 
0.50 

98 
98 
98 
98 
98 

244 

0-50 

100 

0  60 

114 

0  60 

114 

0  .50 

1ft 
17 
18 
19 
20 

1-25 
1    25 
0  80 
0-80 
0-70 

244 
244 
148 
148 
UO 

0  50 
0  50 
0  ■  50 
0.50 
0-50 

100 
1(K> 
100 
100 
100 

0  ftO 
0  60 
0  60 
0  60 
0  60 

114 
114 
114 
114 
114 

0-60 
0  60 
060 
0  60 
0-55 

114 
114 
114 
lU 
106 

O.SO 
0.50 
0 .  50 
O-.SO 
0  SO 

98 
98 
98 
98 
98 

0  50 
OSO 
050 
0-50 
0-50 

98 
98 
98 
98 
98 

21 
22 
2.) 
24 

25 

0-70 
0-70 
0-70 
0-70 
0-65 

1.10 
1.10 
1.10 
130 
122 

0-50 
O-SO 
0  ■  .50 
O-.SO 
0.50 

100 
lOfl 
1(K) 
100 
100 

0-60 
060 
O-ftO 
060 
0  60 

114 
114 
114 
114 
114 

OSS 
055 
OS  5 
0-55 
0-55 

106 
106 
106 
106 
106 

0.50 
0  -  50 
0-50 
0,50 
0-50 

98 
98 
98 
98 
98 

050 
OSO 
0-50 
0-50 
0-50 

98 
98 
98 
98 
98 

7ft 
27 
28 
29 
30 

0   A5 
0-65 
0-65 
0-65 
0  "i 
0-65 

122 
122 
122 
122 
122 
122 

i).55 
0-55 
0  55 
0-55 
0-55 

107 
107 
107 
107 
107 
107 

0.60 
0-60 
0  60 
060 
0  60 

114 
114 
114 
114 
114 

OSS 
0.35 
0-55 
OSS 
0-55 
0-55 

106 
l.JO 
106 
106 
106 
106 

0,50 
0-50 
0-.50 
0-50 
0-50 

98 
98 
98 
98 
98 

0-50 
0  50 
OSO 
0-50 
0  50 
0  50 

98 
98 
98 
98 
98 
98 
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Tabic  99. —Daily  Piscliarne  Records  of  Vermilion  River  hehm'  Lake  Vermilion, 
near  ToKer,  Minnesota     C'ontinuuil. 


Janu 

Day. 



(fUUKO 

lli'iiiht 

Kect . 

1 

0  ■  SO 

2 

0  50 

,t 

0  50 

4 

0  ■  50 

5 

0-50   1 

ft 

0  50 

7 

0-50 

H 

0  •  50 

9 

0-50 

10 

0-50 

1, 

0  50 

12 

0-50 

IS 

0  ■  50 

14 

0  50 

IS 

0  50 

16 

0-50 

17 

0-50 

IK 

0-50 

1» 

0-50 

20 

0-50 

21 

0-50 

22 

0  •  50 

11 

0-50 

24 

0-50 

25 

0-50 

26 

0  ■  50 

27 

0-50 

28 

0-50 

24 

0-50 

JO 

0-50 

il 

0-50 

arv. 

Frbruary. 

Di»- 

tiaUBP 

Di»- 

charKc. 

ilciRlit 

L'llarKi'. 

Src.-ft. 

Feet. 

S-i-.-fl. 

'(« 

0  50 

98 

l)H 

()  50 

98 

<)H 

0    50 

98 

<)H 

0   .50 

98 

<>« 

0   50 

98 

'>.S 

0    50 

98 

9.H 

0  50 

98 

i)H 

0   .SO 

98 

<)« 

0   50 

98 

<)K 

()   50 

98 

*)K 

0  •  50 

98 

<J« 

0  50 

98 

'in 

0  •  50 

98 

gn 

0   .50 

98 

9» 

0  ■  .50 

98 

<>H 

0-.50 

98 

y« 

0  ■  .SO 

98 

yx 

O-SO 

98 

9« 

0  50 

98 

<in 

0-50 

98 

<>» 

O-SO 

98 

98 

0  50 

98 

98 

0  •  50 

98 

98 

0-50 

98 

98 

0  .SO 

98 

98 

0 -.50 

98 

98 

0  50 

98 

98 

O-.SO 

98 

98 

98 

98 

Ma 

(■ilUKe  1 

llcilmi 
I.-,....     i 

0 

Sll 

0 

50 

0 

50 

0 

50 

0 

50 

0 

50 

0 

5(1 

0 

50 

o 

511 

0 

50 

0 

so 

0 

50 

(1 

»t 

0 

50 

0 

50 

o 

50 

0 

50 

0 

50 

() 

50 

0 

50 

0 

SO 

0 

50 

0 

SO 

0 

SO 

0 

50 

0 

50 

0 

Sll 

0 

SO 

0 

50 

0 

.SO 

0 

50 

Di»- 

»  liarK*'. 


.\l>ril. 


(iiluKe 
lli-iuht 


0  5.' 
O   52 


0  52 
0-52 
0  52 
0-52 
0  52 

0-52 
0  52 
0  55 
0  55 
055 


1(11 
Kll 
101 
Kll 
1(11 

■  111 
Kll 
Kll 
Kll 
Kll 

KrI 
Kll 
Kl'i 
Kid 
1(1(1 

112 
119 
12S 
I.*  2 
H8 

145 
152 

158 
165 
172 


KM 
2(KI 
205 


June. 


(iaitKe 
ll.iulit 


I  20 

I  (II 

I  .1(1 

I  1(1 

I  40 

I  111 

I  111 

I  111  i 

I  HI 

I  III 

I  5(1   I 

I  60    i 

I  7(1    ! 

1  -811   ; 

1  80    I 

2  IHI    , 


,i  (HI 
JKI 
J- 20 


.f  2(1 
.1.20 
l.lll 

.1    to 

.!    .10 


212 
218 


<  lUllKe 
lli'iKhl 


t     III 
.(HI 


.158 
198 
442 
442 
510 

54(1 
Kill 
.1111 
.170 
.2.111 


2111 
290 
2911 
2<<0 


4    .Sll 
.|..|(1    ' 
I    411 
.1     1(1 
,1  ■  1(1 

.1  4(1 
(■id  i 
.1  2(1  ' 
.1  20 
,<  2(1  ' 
i 
J  111  i 
.(■IK>    i 

1  (HI 
.l(MI 

2  9(1 

2    90    1 


2    811 
2-70 


ihar«f. 


.  160 
.160 
..<(>0 

.420 
,420 
.420 
.420 
.  120 

420 

.  ".611 
.Mitt 
.,160 


.  KpO 
29(1 
2.10 

,2.10 
2,10 

170 

no 
no 
no 

(ISO 


1)90 
9'Hl 
9«1 


KM 


JK 

ly. 

AuKUst. 

Selil. 

llllnr. 

111 

,h,.r. 

Novi 

mlMT. 

Do.. 

niher. 

1 

2   80 

990 

1-85 

466 

0  JJ 

0-22 

60 

048 

95 

0  62 

117 

> 

2-70 

9J0 

1-95 

515 

11  J  J 

74 

0  22 

60 

0-48 

95 

0-65 

122 

i 

2-60 

870 

1-85 

466 

0  JJ 

74 

0  24 

6.1 

0  48 

9S 

0    65 

122 

4 

2  60 

870 

I    'At 

490 

OJJ 

;4 

0-24 

6J 

0   SO 

98 

0-65 

5 

2-50 

810 

1-80 

442 

OJJ 

0-27 

66 

0   S2 

101 

0   68 

IJ7 

6 

2   50 

810 

1-65 

J78 

0  JJ 

OJll 

70 

0   S2 

nil 

0   68 

127 

7 

2 -.15 

728 

1-25 

244 

0 .  J.I 

74 

I)  J2 

;j 

0  50 

98 

0   68 

127 

X 

!-40 

755 

1-20 

2.11 

OJJ 

74 

0J2 

7  J 

O.SO 

98 

11-68 

127 

9 

2  ■  IS 

728 

1    10 

2I.8 

OJJ 

74 

0    12 

7.1 

(1   50 

98 

0-68 

127 

10 

2   JO 

7(H) 

0-85 

158 

OJJ 

74 

0  J2 

7J 

(1   50 

98 

0   68 

127 

11 

2   40 

755 

0-65 

122 

OJJ 

74 

(1  J2 

7i 

11.50 

98 

11-65 

122 

12 

2J5 

728 

0  60 

114 

OJJ 

74 

0  J5 

76 

0    50 

9S 

0-65 

122 

U 

2-20 

645 

0-55 

106 

OJJ 

74 

I1'40 

8J 

O-.SO 

98 

0  65 

122 

14 

2-25 

672 

0  5J 

10.1 

0 .  J  1 

74 

(1-45 

90 

0  so 

98 

0  65 

122 

15 

2-20 

645 

0  50 

98 

OJJ 

74 

0-45 

90 

0  so 

98 

0-65 

122 

16 

2-25 

672 

0  50 

98 

I)  ■  JJ 

74 

0  4S 

90 

0  55 

106 

0-65 

122 

17 

2-20 

645 

0  ■  50 

98 

OJJ 

74 

0  48 

95 

106 

0  65 

122 

18 

2J0 

70<l 

0  50 

98 

OJJ 

11  48 

95 

0-55 

I<I6 

0-65 

122 

19 

2-25 

672 

0-50 

98 

0-28 

68 

0.48 

95 

11-55 

106 

0-65 

122 

20 

2   20 

645 

0  45 

90 

0   28 

68 

0-48 

95 

0-55 

106 

0  65 

122 

21 

2    10 

591) 

0  45 

90 

0-28 

68 

0  48 

95 

0   55 

106 

0-65 

122 

21 

2   20 

645 

0 .  40 

8J 

0   25 

64 

0-48 

95 

0-55 

106 

0  ■  65 

122 

13 

2  05 

565 

0-40 

8J 

0-2J 

62 

0-48 

95 

0   5S 

106 

0  65 

122 

U 

2-20 

645 

0  40 

8J 

0-2J 

62 

0-48 

95 

0-5S 

106 

0  65 

122 

15 

215 

618 

0J5 

76 

0-2i 

62 

0  48 

95 

0   55 

106 

122 

26 

2    15 

618 

0J5 

76 

0   2J 

62 

0-48 

95 

0-55 

106 

0  65 

122 

27 

200 

540 

0  45 

76 

0-2J 

62 

048 

9.=: 

0-55 

106 

0-65 

122 

28 

2  ■  10 

590 

OJS 

76 

1).  M 

62 

0.48 

95 

0  55 

106 

0  65 

122 

29 

1-95 

'15 

OJS 

76 

0   2J 

62 

0-48 

95 

0-58 

111 

0-65 

122 

30 

1-80 

442 

0  35 

76 

0   2J 

62 

0   18 

95 

0  60 

114 

0-65 

122 

il 

1-90 

490 

OJS 

76 

0-48 

95 

0  65 

122 

Note. — Discharge  from  April  16  to  May  4  estimated. 
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Table  99.-Dailv  Discharge  Records  of  Vermilion  River  below  Lake  Vermilion, 
near  Tower,  A/j«w«o/a— Concluded. 

19U. 
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Table  100. — Monthly  Discharge  of  Vermilion  River  below  Lake  Vermilion,  near 

Tower,  Minnesota. 

[Driiinaiie  Arcj.  ."^J?  square  mile!).] 


4Q4 


Pepariment  of  the  Interior. 


KAWISHIWI    RIVI-.R    NKAR    WINTON. 

Location.  At  the  loK'KinK'  ilaiii  at  t\w  outli't  of  C.arili-n  laki'  in  section  20, 
township  62  N.,  range  11  W.,  ai)oiit  «  niiks  east  of  Winton.  Minnesota. 

Kaords  Available,  'iunc  21,  1<>05,  to  June  .?(),  1407  These  rea.nls  are 
furnished  through  the  courtesy  of  the  Minnesota  (anal  ami  Power  Company, 
In  wlioin  they  were  compiled. 

Records  from  October  14,  1013,  to  December  .?/,  ION,  were  secured  by  the 
International  Joint  Commission  co-operating  i^itb  the  United  States  Geolov.tcal 
Survey. 

Drain'iv,c  .\rea.     1,200  s(iuare  miles. 

Gauv.e.  Vertical  stafT,  read  at  8  a.m.  and  .S  i).m.;  the  mean  is  taken  as  the 
mean  for  the  day. 

Method  of  Compiling  /?ecorrfi.-( )l)tained  1)>  recording  the  flow  through  the 
five  sluiceways  of  the  WvSn^  dam,  which  wen-  closed  by  Taintor  gates.  The 
coetlficient  for  each  sluiceway  was  obtained  by  current-meter. 

Regulation.  -'V\w  How  at  Garden  lake  outlet  is  almost  wholly  controlled  by 
loKKing  reservoirs,  and  the  daily  records  do  not  represent  the  natural  variation 
in  run-olT. 

References.'  -Reiiort  of  Watet  Resources  investigations  of  Minnesota  1909- 
1012  by  the  State  Drainage  Commissions,  and  the  Reiiort  to  the  International 
Joint  Commission,  by  Arthur  V.  White  and  A.iolph  F.  Meyer,  Consulting 
F^ngineers,  191.S. 

Table  100 A.  'Discharge  Measurements  of  KaicishiKi  River  near  IVinton,  Minn. 

[DniinaBi-  .An-.i.  I  ,JI«)  siiu;ii>  mil.-  ) 


llylrnunililuT. 


f)ll.   1 1 
•■     1 1 

■•       14 
••       15 

S<ml 

I'll). 

.\l.nl  i'l 
••      .«> 

■■       It 

S*jii 
I'.t 

I'>I4. 

M.iy  2< 

S<ui 

IS" 


.Vria  iif 
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Sel.  11. 

417 
2M) 
fW 
674 


.>74 
404 


Mi'an 
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Vi.  per  src 

I  <)fi 
0  42 
.1   4(1 

4-27 


.1  ■ .») 
0  .IS 
0  ftO 
2(K) 


CauKi- 
lli'iuht. 


Dischariie, 


.1  h.l 
O'.J 
o  *•> 
2il 


c-  ft. 
KIS' 

1  . ,  Itfi 

2  ,  H,Sll< 


,700 
XI 
Ift.t 
810 


2.120» 


'  One  1  '-ff>ol  ii.iU'  in  C^ir.h-n  Lake  liani  upi'n. 

■-  (,,iti-~  (iiwi-r!.      i<i|iri-..i-iu- l«M'~.it;i'. 

■'  One  P-Vnot  arid  one  W»-t\>(H  n-^u-  itprn. 

'  Om'  12-l""t.  oiir  1(1  (not.  aiiM  nai-  20-l[ii)t  u.itf  iijien. 

1  t.iuci'  clRvki'il  with  k'vil  an.l  limticl  n.rnvt. 
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Tabic  lot.     Daily  Pisdiariic  Rtronis  of  Ka-uishi-i^'i  River  near    W'inton, 

Miinifsola. 
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llriuht 

L'li;trur. 

Hi'illht 

rhargt'. 

HiiKht 

)  lnr«f. 

llduhl 

t  liartti*. 

M'-ttiht   I  itutrtcf. 

1 
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12 
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14 
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16 
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21 
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24 

■ 
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25 
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26 
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10 
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. 
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' 
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22S  I 
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S5it 
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2,  1.17 
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^',1 
.  711) 
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.1.211 
2  ,  S')') 
I  ,45H 
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2  .  I  J  I 
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2 .  .1 1') 
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1  .111 

I  .uv , 
<IM 
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^20 

KX7 

>«»4 
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I.  10") 

I.I5S 
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I  . 2SX   I 


1  . 2,lx 

1    210 
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1,1 5X 
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1  ,0X1 
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t ,  or>o 
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I  .0X1 
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1  ,I5X 
1  ,  l^X 
1  ,  15X 
I    ISX 


I 


5X 
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1.I5X 
1  ,  1  vH 
1  .  Ml 
1  ,  I  5S 
1  .  I  VI 

1  ,0-)') 
1  .070 
1  .(170 
1  ,1171) 
I  ,050 
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I  .11.' I 


1.265 
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1.0'4 

1 . 2XX    1        . 
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1.1,4 
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1  .0X1 

on 

1  .owi  ; 
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t  ,060    ! 

xxo 

.    .      I 
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Table   101.     Daily  Dischargee  Records  oj  Kcwishiwi  River   near    W'inton, 

Minnesota     Contin-itHl. 


I«U6 


D»y. 

January. 

Ffbtuary. 

Marrh. 

April. 

May. 

Juni-, 

ffttUltP 

i)»- 

(tauir 

D».. 

Gaus** 

DU- 

(i4UKr 

t)ii- 

CmUBr 

m.. 

daUKe 

Ulc 

llrinllt 

i  iLirgf. 

lli'iaht 
Kwt. 

( hargr. 

s»...rt. 

llrUht 
VrrX. 

cliarKi*. 

Sr..  (1. 

llriMht 

Ki-fl. 

tharKi*. 
S.-.  .  (t. 

llriuhl 

(hargr. 
Sri.-fl. 

Hrliclll 

OiarK«. 

Km. 

So,.(t. 

K«l. 

Set.d, 

1 

N^h 

VIA 

IMI 

276 

1.6M2 

2,5M5 

I 

H17 

«I6 

16(1 

im 

I,)I40 

2.920 

.< 

Ml  7 

.^21 

160 

JH'I 

l,M16 

2.444 

4 

1117 

.S06 

IMI 

2M9 

1,889 

2,15  1 

.1 

Mill 

.506 

.16(1 

. 

1(1(1 

1,9.10 

2.911 

r» 

-Ml 

MKl 

160 

Mm 

2 ,  105 

.I.I4A 

7611 

4')l 

.14.5 

115 

2,650 

«,I4« 

M 

7.11 

4VI 

.145 

115 

2.057 

l,OQ)k 

«> 

7.11 

474 

.145 

1.10 

2.172 

1.074 

lU 

7.11 
71.1 

474 

474 

.14.5 
.145 

.IMI 
145 

2.M80 
2.70f. 

1,020 
.1.004 

li 

M% 

474 

,110 

160 

2 , 1 5'1 

1.  127 

1.) 

W.< 

4.5H 

,liO 

416 

2,  171' 

l.'t,\ 

14 

(.76 

458 

I.Ml 

474 

l,71« 

1,144 

IS 

(i«) 

413 

,1.10 

506 

l,8J« 

2,6MS 

lA 

660 

4.H 

,1,10 

579 

2,057 

J ,  M4.1 

17 

661) 

4J,5 

.1,10 

660 

2,911 

.1,070 

III 

642 

416 

.120 

76(1 

.1  (IM7 

2.846 

IV 

642 

416 

.115 

M56 

.1,212 

2  940 

20 

621 

4110 

115 

911 

,1,055 

2,. 178 

jl 

621 

400 

115 

1,024 

l.OOM 

2.8.10 

11 

600 

400 

IIHI 

I.I5M 

2.9M7 

2,1162 

2.1 

600 

400 

.100 

1  ,  265 

,1,091 

1,144 

24 

570 

IMO 

too 

1,491 

,1,11,1 

2 ,  250 

28 

iT» 

IMO 

.100 

1,710 

J.  005 

2 .  .187 

26 

Sit 

.160 

.100 

2,m9 

2  6.14 

2,251 

27 

.^60 

.160 

KM) 

1.654 

2,60.5 

2,623 

211 

.MO 

.160 

JOO 

2 .  ,107 

2.60.5 

.1.212 

29 

S40 
.S40 

2M<) 
280 

2,600 
2,. 580 

2 .  .565 
2.446 

1,870 

30 

2,050 

31 

52.1 

289 

2 ,  559 

July. 

AuKUst, 

Septrmb«r. 

October. 

Novemlx'r. 

Dei  ember. 

1 

2,276 

455 

400 

276 

400 

660 

2 

1,152 

1,1.50 

360 

276 

400 

642 

J 

1,(W5 

214 

400 

276 

416 

621 

4        

1  ,  X)5 

7.50 

400 

263 

416 

600 

1,86(1 

524 

400 

250 

400 

570 

8.10 

0 

380 

263 

400 

570 

880 

795 

380 

276 

400 

570 

920 

0 

416 

276 

416 

540 

9J0 

848 

435 

300 

435 

523 

.0 

950 

1.215 

435 

330 

4)5 

506 

11 

962 

1.070 

435 

330 

435 

.506 

12 

985 

8J0 

416 

330 

491 



491 

13 

1.0.50 

780 

400 

.',.10 

540 

474 

14 

1.275 

708 

400 

315 

.592 

474 

15 

985 

702 

360 

300 

680 

474 

16 

950 

525 

.145 

,300 

783 

474 

17 

1 ,  546 

550 

330 

289 

931 

474 

18 

830 

600 

315 

289 

975 

474 

19 

810 
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20 
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21 

840 
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300 
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25 
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783 
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27 
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29 
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iM 

31 
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400 
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Tahlf   101  -  />ai7.v  Pisihari^f    Keronis  of     {amshiui  Rivrr  near    Winlon, 

MinnesoUi.     (  oiilinufd. 
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Tahle  101  Path  Diuharse  H>-ords  of  the  Kawishiwi  River  ContiniKHl 
(Re.ords  of  the  Inlefnational  Joint  Commission  co-operntms.  with  the  tinted 
Stateh  (leohgual  Survey. ) 

lOli. 


■a- 

July 

Vptcmbvr 

(Xuiber. 

Novrmlwr, 

Do-tmttrr 

_    —  ^  i 

r*                           lU. 

Day. 

Gauiv  1 

Irllht   1 

Fwt. 

UU-     1 
hmric. 

Fm. 

ib«ne.    Il"iti«t, 

fh.irgr. 

S.  ..(1 

Irlllht 

ihargr. 
St.     (1. 

M  right 

charir. 

Ilrifht 

t  hiircv. 

sJc7ft. 

114 
iin 

1 

■■'■■'■'■'■ 

2W 
J4« 

S^9 
6U8 

4;h 

4nil 
S8J 

275 
i«» 
44« 

2 

.«0J 

i 

4 

747 

2«l 
278 

t 
* 
• 
10 

II 

I] 
IJ 

u 

IJ 

119 
262 
2.)S 

2,« 

: 



21.1 

2.1.1 
235 
JJ.1 
22» 
216 

214 

lA 

Ml 

17 
ID 

41) 

'(H 
iitt 
20! 
J02 
St2 

4M 
414 
J82 
3J2 

.127 

208 
206 
203 

20 

21 

22 

u 

200 
197 
196 
14S 

» 

J5« 

122 
105 

193 
111 

16 
11 
2H 
IV 
Ml 
31 

:l 

190 

189 
188 

4      -'S': 


..V 


mmmm 


mm 


mim 


Winnt!  -v  Hiirr  I'Dwrr  end  SUnut^e  Invtsttnalnmi. 


4^> 


Table  101  Daily  Disdiati^,  fir.mh  nt  tli,-  Knuishiui  River  Coiituiuwl. 
(Rfiunisaf  the  JntermUxinal  Joini  Cimimii  n  ,,>  ofteratini;  uilh  the  United 
Stales  Geoloniial  Survey) 
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Table  102.— Monthly  Discharge  of  the  Kawishiwi  River  near  Winton,  Minnesota. 


UiscirAR<^E  IN  Second-Fkbt. 


Month. 


June  il-.lO 

July 

AtlKUSt  .  . 
Seplcnilirr . . 
C)ctol>er . . , . 
Novt-nltnT.  . 
December . . . 


The  (HTiwI . 


January. . 
February . 
March   . 
Aliril.    . 
May. 


June 

July 

AuKUHt .... 
September. 

OrtulKT 

Novemlier. 
Dett'Uiber . . 


The  Year. 


January . . 
February . 
March... 

April 

May 

June 


The  period 


Dtpiare 
mile. 


1  ;i 

2  W> 
I  IK 
1  74 
1    24 

0  H47 
U  KHK 

1  '.IH 


0   SMI 


RUN-OFr 


n  646 
O  .18.'! 


»r,i 

U  .M4 

(1   T.S.t 

0  840 

2  114 

2   .15 

in 

2   .W 

0  »4.i 

OM72 

(1  4<HI 

0S6.S 

0   i'«) 

0  .124 

ll-iSH 

0   111 

(1  .'-4S 

0  60K 

0  ■  vm 

0-4.W 

();.?.< 

tO'26 

»iSl 

n-jw 

(1    102 

0   200 

(1  i;o 

0   1W6 

0    «I7 

0  .142 

1-,M 

1    .'il 

2-82 

J    IS 

0-822 
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Table  102— Monthly  Discharge  Records  of  the  Kawishiwi  /Jjrer— Continued. 
{Records  of  the  International  Joint  Commission  co-operating  with  the  United 
States  Geological  Survey.) 


Month. 


Dischar>:e  in  Second-Kkkt. 


October  14-27  .. 
November  19-30. 
December 


January 
February .    . 

March 

Aoril 

May 

June 

July 

Auguit 

September. 
October  — 
November. 
December. . 


609 
SI2 
J14 


The  Year. 


I9U. 


January 

February 

March 

April 

May 

June 

July 

Auguat ... 
September. 

October 

November. 
December. . 


186 
150 
141 

1.750 

J. 190 

.),J80 

1.790 

65.> 

816 

1.680 

).35J 

747 

i.,»8(l 


The  Year 


423 
JI4 

247 
960 
3.973 
4,475 
2.9,S0 
1.719 
1.342 
1.618 
2.020 
235 


4.475 


i  Mean  of  29  days. 


»  Mean  of  25  days. 


105 
40 
188 


151 
133 
127 
143 
l.U 
88 
305 
120 
154 
262 
145 
428 


Mean. 


Per 

square 
mile. 


88 


320 

239 

15 

48 

995 

1.131 

.342 

170 

656 

142 

16.) 

197 


15 


'  Mean  of  23  days. 


165 

137 

131 

520 

1,9.10 

2.290 

1.060 

357 

367 

Q6K 

806> 

614 


779 


364 

275 

167 

241 

2,414 

2,318' 

1,415> 

789 

907 

733 

645 

224 


874 


Depth  in 

inches  on 

DrainaKe 

Area. 


016 
012 
013 
049 
188 
2  15 
103 
0-35 
0..I5 
0-94 
0-73 
0-60 


8-94 


0-35 
024 
016 
0-23 
2 -.35 
1-82 
102 
0-77 
O'KS 
0-71 
0-61 
022 


9-33 
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Bin  flearwater  or  White  Otter  lake 

Bix  F'ork  river.  Run-off 

Bircli  lake - 

Birch  Lake  Diversion    

Bonnet  falls,  lirand  du 

Bonnet  falls.  Little  du 

Bonnet.  Lac  du 

Camsell.  (lias Ml.   Apj. 

Capital  Costs.  Ou  Bonnet  site     , 

"  Ilydro-electric  distribution  in  W"innii)eR   265, 

Lower  Si'ven  Sisters  site 

Mc.Xrthur  site 

Oil  (lower  in  WinniiM-K 275. 

'*  Pine  F'alls  site 

'*  Pine  F'alls  oower  in  Winni(wH 2f>6 . 

Pnnlucer  uas  [sm-er  in  Winnitieil 276. 

Slave  Falls  site 

Steam  (ilant  in  Winni[R'K ^7 

Summary  of  

*'  I '(>(M'r  Pinawa  site     

"  r[>(H'r  Seven  .Sisters  site 

Chace.  W.  (; 

Chaudiere  falls  (Kettle  falls).  Dam 

Run-off 

Coal.  Cost  of  (tower  from 

*'      Power  from  .  

Conclusions  from  InvestiRatitms 

Construction  of  Power  undertakinRs 

Consulting  Kngineers 

Control  dam.  Winnitiey  f-:ieclric  Railway  Comiiany 

Control  of  Run-off  

Costs  (see  ".Annual  CharRes"  and  "Ca()ital  Costs'"). 


of  water-tiower.  necessity  for 


Crown  COT 

Dalles  r.i  

Dam.   B-         reek 

"      (  I        'iere  (or  Kettle  falls) . . 
"      Co,      >]  on  Pinawa. ........ 
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Fort  I'l.itK-es 
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Pro(«sed  (KJwer  is(»e  Layout 
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Du  Bonnet  concentration 
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"  [estimates  ot  t  ost 

"  *'  KtnodinK 

•*  "  Foundation  condition*. 
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IH 

142 

133 

14 

28 
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234 
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•'  "  Ice  i'omlitions * 205 

"  ■'  Layout 209 
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"  "  I'ondaiie 200 

"  "  Reach  rtevelopert ■  149 

«  '•  SjM-cial  conaidcratlona 207 

•'  "  I'nwatcrinK jOO 

"  "  Whiteniud  f.dU 201 

■■  "  Whitemud  Falla  disposal j5 

KaRie  river,  Run-<jff '..'.'.'..'..'..'...  '•' 

Kast  Clearwater  lalte ,  ■       ■ ]'    «6 

Eastern  Outlet  of  tlie  Lake  of  the  \\oo<l9 24") 

Eight  Foot  falls.  Diipoaal  of 2K 

English  river 122,    127 

English  River  regulation I2S 

"  "  Atavc  Lac  Seul 

KITect  of 

"  "  Siinimary '.'.'..'.[[  121 . 

English  river  run-off  

watersluil. g     )g4,    259, 

Estimates  of  cost  of  developing  iiower  sites 

Uu  Bonnet  site ■  ,   v ' 

"        Hydro-ele<  trie  distribution  in  Manitoba 
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"  "        McArthur  tile 275, 

Oil  iKjwer  in  WinniiK'g 265 

Pine  Falls  p<iwer  in  Winnipeg 

"  "        fine  Falls  site ■ 275, 

"  ••        I'rofluier  ('.as  iiower  in  \V innipeg 

"        Slave  Falls  site 274, 

Steam  power  in  Winnipeg [    \[  .  .  . 

"        1  'iilM'r  Pinawa  site 

"  "        I  ■pi)er  .Si'ven  Sisters  site '  '  ' 

Evaiwralion  in  Winnipeg  River  basin 

"  records ■ 

station 

Existing  iKjwer  plants  _.  ■■■■■■.•■■:■■■■■  .  \    '.'.'.'.'.'...'.'. 

First  devcloimunt  on  \\ mnipeg  river  in  Manitoba 

First  falls  Ix'low  English  river ...........'...... 

Footprint  river.  Run^off .'....'.'. 

Flooding 

Uu  Bonnet  site 

Lower  Seven  Sisters  site 

"        McArthur  site ]'.'. 

••       Pine  F'alls  site 

Slave  Falls  site 

Ipper  Pinawa  site 

"        I'plJer  S*'ven  Sisters  site 

Flow,  river  (see  run-off).  

Forest  cover        -         

Beneficial  effect  of ■ 

Forest  conservation '. 170, 

Fort  Frances.  Power  station 

Run-off  at 

Foundation  conditions ' 

Dii  Bonnet  sue 

«  "  Lower  Seven  Sisters  site 

"  "  McArthur  site 

"  "  Pine  Falls  site 

"  "  Slave  F'alls  site 

"  "I  'pper  Pinawa  site 

"  ••  Upper  Seven  Sisters  site 


F'rxzil  ice , 


effect  on  plant  oiieration ,g     31,36,214. 

Freeman.  J.  R..  Consulting  hngineer 272,   27i,   275, 

Fuel  imwer  in  Winnipeg,  t  osl  of 

Sources  of 276, 

Gas.  Cost  of  powi-r  from [[[['.'..'.  .'..'..'.■■■■■  . 

**      I*ower  from ■  ■  ■   .     ■,■,■', 

Gauge  records,  Lake  of  the  Woods  Surface  I^vel 

R  liny  lake  Surface  level 

Gauging  station,  Chauiliere  falls  ( Kettle  falls) 

"  Fort  Frances 

"  Kenora  ijower  station 

"  Pinawa  channel '  ''[ 

•*  Slave  falls 

Tunnel  island ■ 

"  Whitemouth  river -  ■    

"  (For  other  rivers  see  Appendix  Vll).  ^6  Appendix 

Geological  formation ■ '..'.... 

<«)ld  Portage  dam     . .    , '. .'. 

Government  control  of  water  power,  necessity  tol 29, 

Grand  du  Bonnet  falLs 

••  "        Survey  of 
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..  "  ■'        Lower  Seven  Sisters  site 

"  "  '*        McArthur  site 
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HoK-tn's  Mill,  rffcrt  of  storaKi"  at 

Hj-dro-rlcctric  dcvdopnu-nt  in  Cai.ada i>^i  . 

in  thf  I  'nili'd  States 

"  Distribution  in  Manitoba 

"  Power  Comniisdion  of  Ontario  (see  Ontario). 

"  Power  in  Winnipejt,  ("o!*t  of - \9H.    27.*. 

*'  Power  in  WinniiM'K.  Present  status. Ift. 
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"  WinnilieK  river ■ 48, 

Ice,  Kr.izil 

■'    Sheet 
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Intern.itional  falls  (see  Kort  Frances). 

International  Joint  ("oniniission 

International  Waterways  Cennniission 

"  "  Birch  Lake  Diversion 120. 

•'  '*  WinnijH'ii  Water  Supi>ly 
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Investigations.  Conclusions  from   
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"  S<o[)e  of 

Situation  leadintt  to 

*'  Summary  of 

Ka-ka-l>e-ktt<  liewan  falls      

kawishiwi  river.  Run-off 

Keewatin ■ ■ r  ■ 
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Kennetly.  .!;'.;^  C - -  •■  ■      •* ■ 

Kennoly.  \S'm '''' ■ 

Kenora  iniwer  flation - '■'». 

Run-off  at <>« 

Teinperalure  records  at Apjiendix 

Kettle  falls  Isee  Chaudiere  falls). 

KoochicliinK  falls 27 . 

Lac  des  Milles  Lacs 

Lac  du  Bonnet 2'). 

Lac  Seul . 


Storage  in - 
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"        watershed.  Regulation  of       

Lake  areas 

Lake  of  the  Woods -' 

Commanding  jto^ition 

"  *'      Cycle  regulation 
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"  "      Theoretical  inflow 

"  "      Western  outlet (•>' 

"      Yearly  regulation - 
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"  "  "        Relatic"  to  Winnipeg  C"ity  plant 
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"  '*  "       Summary 
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"  Foundation  rondilionn 
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Klectrochemical  industries 
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